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y INTRODUCTION 



The Training Analysis and Evaluation Group (TAEG) was tasked by the 
Chief of Naval Education and Training 1 W serve as technical monitor a/id'to 
provide production assistance in ttig development of -supplemental instruc- . 
tional materials for the' Naval Junior Reserve Officers Training Corps 
(NJROTC) program. .The tasking for tjie* development of this workbook resulted 
from the successful use -in the NJROTC pnogram of a previous textbook 
prepared by the TAEG,- Improving Your Navy Reading Skills (described in 
Xincaid arid Curry, 1979) .* The present -workbook Is The tirst of a 'series or 
"three and is designed feo supplement Naval Science 3, tlie primary text of the 
third year NJROTC program. Workbooks for the fifst'and second year NJROTC 
programs are currently 'being developed. 

This workbook is designed s for NJROTC students who do not have the 
reading skil ls x necessary to fully benefit from the regular curriculum 
materials. Students who are reading significantly below their grade in 
s'chool comprise *a large proportion of the students .in the 250 NJROTC 
programs across the country. In order that these students may more fully 
benefit from the program, it became necessary to develop easi ly j^adablV 
materials 'containing appropriate instructional exercises. The iwkbook for 
Naval Science- 3 is written, at" the 8th gfade readability level as determined 
by a Computer Readability Editing System {CRES) analysis (Kincaid, Aagard, 
and O'Hara, 1980). The CRES analysis was also helpful in^electing words 
for the vocabulary exercises contained in the workbook. 

The workbook is t'he result of a joint effort of the University of 
Central Flqrida-.and the JAEG. Stuart. E. Omans of the University of Central 
Florida is the primary author of the w&rkbook. Personnel from the TAEG 
participated . in writing p\e text, served as reviewers, and provided editing 
and "production services! 

v 

topics included in the Workbook for Naval Science 3 were determined by 
interviewing several NJROTC instructors, and a majority agreed on the final 
selection 'of, topics. Topics in the Workbook for Naval Science 3 include 
neftal history 1920-1945, leadership characteristics, meteorology, astronomy, 
and introductory electricity. Exercises include vocabulary development, 
matching, * concept appl ication," and extending learning, activities. 

PtffcPOSE OF THIS REPORT 

t 

^. ' The purpose of this report is to make available the Workbpok for Naval 
Science 3 . In-addition to its use in the NJRQIC program, the* workbook (and 
the two others befng .developed) may be useful in several remedial programs, 
sudh as Academic Remedial Training (ART) and the Verbal Skills Curriculum. 
Both of these -programs are offered at each of the three Recruit Training 
Command* to, recruits deficient in reading or oral English skills. 
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FOREWORD ■ , 

S * * 

The workbook for Naval SC-ience 3 beg-an as a limited project. To be 
more helpfal and complete it grew into its final form -including an extended 
series of il lustrations, 'faaps, and,* most important, challenging exercises 
for the student reader. The workbook is intended" to "supplement Naval Science 
3, the 'official textbook for the third year Naval Junior Reserve Officers 
Training Corps (NJROTC) program. A separate answer ( booklet makes the workbook 
reusable. ' , 

In preparing the workbook the skills of numerous people were called 
upon. The authors would like to formally thank: 

• >lr. Thomas Curry, TAE6 (retired), together with many NJROTC instruc- 
tors', outlined the content. CAPT Sidney Hodge, NJROTC Area Manager, 
Area 7, ftas helpful in arranging the extended series of interviews 
with NJROTC instructors. LT Frank Rudden, NJROTC Instructor at 

* NTitusville High School, was particularly helpful in identifying 

iopics for inclusion. CDR Russell Crosby, NJROTC Instructor at 
\ < Maynard Evans Hi-gh School, Orlando, carefully reviewed the workbook 
from an instructor's standpoint. * > 

Dr. William Morgan, Dr. Bill "Dudley, Mr. George McCuistion,- and LT 
x Donna Nelson, of the Naval Historical Research Branch, carefully 
reviewed and critiqued the chapter on World War II. 

* 

• Mr. Archie Poole, Chief Illustrator of the Technical Data Branch, 
Naval Training Equipment Center, prepared soms of the artwork." 
Ms. Catherine Williams of the University of Central Florida -edited 
the- text during the ffhal stages. 

Special thanks are due Mr. Josepb-Gil 1 iam,. CNET Coordinator of • 
NJROTC Curriculum. Mr. Gilliam conceived the project and has been 
supportive in many ways. ' ^ 

' • ' Other TAEG personnel, including Mr. Paul Scott, Mr. Robert Browning, 

t/ Mr. Herschel Hughes, and Ms. Betty Pereyra, acted as reviewers 
: J throughout the preparation of the manuscript. "* 

♦ * 

• - TMCM(SS) LeRoy S. Miller, USN, Service School Command, Orlando, 

* who participated in the Pacific submarine campaign, was kind enough 
to review the section on submarine warfare. ^ , 



Grateful acknowledgment is made to* 



, • the Naval Historical Center for supplying World War IT 
, photographs. . * 

• the History Department of the United .States Military Academ^.at 
West Point\for permission to use maps .number 2 and 38b from the 

. \ Campaign Atlas to th^ Second World War : Europe »and t>he 

Mediterranean, 1880. , . 

, To the Students:. The intent has been to produce a workbook that is 
readable, educational, and stimulating. It is hoped you will find the 
exercises particularly helpful as you increase your naval knowledge. 
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CHAPTER I: THE NAVY IN WORLD WAR II 

- v / 

MOVEMENT TOWARD WORLD WAR II 

** One reoeated error made by the United States oeforfe 
World W^r II was letting its Navy fall apart. ** 
+ 

If you have ever heara the expression, "It seems like 
I've been here before! 11 you already understand the idea of 
historical perspectives Historical perspect ive ( 1 ) simply 
means that a person can only -succeed in the future by seeing 
the meaning of the past. without such vision a person or 
a country will make the same mistake over and over again. 
One such mistake seefos to have happened several times within 
the United States before World War II. , 

During the last aays of the CiYil war (1861-1865) tne 
Navy was strong. But after the war ended the^country wanteo 
to save money. There v^as the feeling that a big navy cost - 
too much. There was the feeling that a country that wanted 
to develop railroads and other in&ostnes coula rjjQst afford a 
big navy. To meltny people, there was no relationship between 
inland industries and ships. A 'few senior naval officers 
kept pointing out tnat -nistorically a, strong navy was as 
important to an America at peace as to an America at war, 
but they were ignored. 

The Navy was given little support. With little money 
available, for maintaining older ships, let alone building 
aew ones/ the Fleet feW apart. Meanwhile other navies 
kept on building. Whence war broke out in South America 
/among Chile, Bolivia, and Peru (1879-1884), the United 
\State^ was shocked to see South American navies that were 
better than her own. The shock led to Congress ordering, in- 
1883, the building of modern, steel ships. The Atlanta, the 
Boston, and the Chicago, all steel-hulled, steam-powered 
•cruisers, were built. A small dispatch boat, .the Dolphin, 
was also built. For the next 10 years Congress kept ^on % 
approving money for ship building. By'1889 the keels of the 
armored cruisers Texas and Maine had' been laid down. By the 
en0 of 1891, the first three American battleships, the 
Indiapa, the Massachusetts, and the Oregon, were under 
construction. At last the Navy was being restored. ^ < 



(1> Underlined* wbrds 'are defined in the Glossary. 
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By World War I* (1914-1918) the United States haa 
rebuilt a strong navy which played an important p^rt in 
winning the war. The surface fleet and the air arm of the/ 
Navy (which had been created in 1911) expanded greatly 
during World* War I. When the war began, the Navy had 54 
aircraft and only 48 pilots and student pilots.' At the end 
of World War I there wer£ 6,716 Navy and Marine officers, 
and over 2,000. aircraft lL But the same historical pattern 
haooened again. The country now had a Urge rraval fleet to 
support during peacetime. This seemed too expensive. The 
war was long and b.rutal. After the war, the coun-try again 
lost its, historical perspective. The country had one great 
wish: to stay at peace. 



WASHINGTON DISARMAMENT TREATIES 

** After World War I, the United" States-tried to make 
treaties that would stop an arms buildup ana toerefore 
insure peace. The intention was good v but the treaties. dia 
not work. ** v 

To carry tnis out, tne country favored isolation . 
The, United States wanted to stay out ofj-any more fighting. 
And keeping a powerful n^vy did not seem to fit ,tnis iaea. 
Further, the country again wished to save money. Taking 
care of many ships did not seem to fit a tight economy 
either. Many, people felt that the best way to insure peace 
was to isolate America from the rest of the world. One ' 
result of^this attitude was that the United States refused, 
to join trie League of Nations . Theygfelt that Arrveripa 
could get along best by. having no formal political allies . 
They also felt that we should cut spending on military or 
international pro jects* that might 'even suggest the dreaded 
word, "war." Following this tninking, a 4ajor try to insure 
peace came in 1922 when President Harding called a meeting 
with the otner four major naval powers: France, Italy, 
Japan and Britain. They were to discuss naval armament and 
Far East policies. All five signed a treaty, callea the 
Naval Disarmament Treaty. In this treaty, each guaranteed 
the rights' of the other to their island possessions in the 
Pacific. They also agreed to a 10 year holiday during which 
no nation would build a ship over 10,<D00 tons with guns 
bigger than eight inches. Other agreements to limit naval 
growth were made as wfell. Perhaps out of distrust or fear, 
almost all the other nations at once began to build. The 
.United State's converted two battle cruiser hulls int^> 
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aircraft carfier hull^s. Italy and .Japan concentrated on 
heavy cruisers. Japan^also began at once to fortify her 
Pacific bases because she knew that Britain and the United 
States would do nothingHo stop her. In reality, Japan was 
claiming cnost of the Pacific. American naval officers 
objected to the Naval pisarmament Treaty as well as others 
signed during the next few years. Th*ir major .argument was s 
that we "had been her r e before" and asfl^i result had found 
ourselves with a weak Navy when we most needed a" strong one. 
They were ignored. 



THEvU.S. NAVY IN THE PRE-WAR YEARS , 

** The Naval Command concentrated on developing new 
naval* strategies : naval aviation, logistics and 
amphibious warfare. ** 

^\ 

Because of the new restrictions on naval building 
during the 192o^s and 1930 r s the Naval Command concentrated 
their effor-ts^on developing strategies and newer weapons. 
Th£y worked onTnaval aviation, the techniques of , 
amphibious warfare and a system of detailed 1 oqistics . 
The, Navy realized that if 'another war occurred, the Pacific 
al ready ' would be fully occupied by Japan, The Armed Forces 
would have to fight their way* back across the Pacific. To 
accomplish this, the Navy would have to maintain the Fleet 
away from home for long 'periods of time. ,0ne major part of 
the Navy's new*working plan was the science of logistics. 
Logistics is a system of supplying services and supplies — 
oil, ammunition and 'food to the Fleet ships engaged in 
warfare. 'In case of a Pacific war, the 1 Naval logistics 
system would have to solve the problem of freeing* the Fleet 
from dependence on home bases. 

Tne Navy also realized that aviation would become much 

more important. As early as 1921, the Navy had commissioned 

its first aircraft carrier and General Mitchell had shown 
that an airplane could bomb and sink a battleship. Aviation 

would no longer be mainly a scouting arm of the Navy. By 

1938, the carrier task force had been developed as an 
important arm of the Navy. / 

Finally, and most importantly, the Navy realized that 
many operations would have to be amphibious. Amphibious 
warfare 'Is the science of hqw to invade and "occupy heavily 
defended enemy bases from water. * The Nayal Terms 
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Dictionary by John V. Noel, Captain, USN(ftET) , and Edward 
L. Beach-, Captain, USN(RET), offers a definition of an* 
amphibious force . It is "a naval force and landing force, 
together with supporting forces, who'are trained, organized, 
and equipped for amphibious operations." The Marine Corps 
wo-rked out the strategies of amphibious warfare. Amphioious 
warfare and its relation to logistios "is very • compl >ca ted . 
It not only means landing large lumbers' of troops on an 
enemy position, it means getting them there and supplying 
them, often for long periods of time. IT you try and / 
imagine all* the cooperation and equipment necessary for a 
large amphioious operatibn you can see how difficult it is. 
It is like moving an entire floating city! Just tnink of 
all the messages involved* in bringing troop snips together 
from different places! Add to the messages, methods of 
loading equipment, giving fire support to tne troops as they 
fight their way Lo new positions', clearing the water of 
mines and supplying tne troops once tney nave set jp a 
beachhe 4 ad. You can begin -to see tne complicated tafeks 
involved in amphioious warfare. ~li t^ese <new iaeas Droved 
to oe very important during world war II. In fact', some 
historians call tne development of logistics "tne secret 
weapon" tnat won the. Pacific war. 



DICTATORSHIPS* 

** From 1936-1939 military dictatorships aeveloped In 
Germany, Japan ana Italy. 

% . while all tnese n$val developments *ere taking p^aee, 
the world was falling apart'. Nineteen thirty-six saw the 
militant governments of Germany, ^aoan a n d f Italy witna rawing 
from the league of Nations. Nineteen thirty-seven through 
1939 saw 6apan and Germany i nvade % otner nations and ma^e 
them possessions. The same years saw England's Prime 
Minister Neville Chgmberl aLom trying to keep peace by 
giving in to tne increasing demands of Germany ana Italy. 
This policy is often called appeasement . But tne 
dictators were not appeased; instead they demanded more 
possessions. Finally, Adolph Hitler, dictator of Germany, 
demanded the Free City of Danzig and most of western 
Poland. England and France re-fused to agree and on 1 Sept. 
1939 Hitler's armies invaded Poland. England and France 
declared ^/ar on 3 Sept. 1939. England and France had 
finally realized, at great cost to tne world, tnat oemg 
blind to the errors of the pa$t always means blindly 
repeating those errors in tne future. 

r 
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MUbTfPLE CHOICE QUESTIONS : \ 

1. "Historical perspective" means: 

a: understanding' the present and the future by understanding the past. 
* * b. forgetting the past an<j going on to thinking about the present. 

c- a form of Naval warfare. • # • 

2. During the 'last day<> of the Civil War (1861-1865) the Navy was: 

a. strong; 1 

b. * weak. 

» c. destroyed. * 

3. During World War I,, the Navy. created its: " m 

a\ * battleship fleet. • ' % ' 

b. first rocketry division. ' . 

c. aviation arm. 

4. A repeated error made by the United States' before World War II was refusing t;o 

a. join the Leetgue- of Nations. * 

b. build inl^pcL industries. 14 * 
maintain its- Navy. 

5. Isolationism meant^that: - . 

a. theJ-United States did not wirvt formal political allies and 

. v. wanted to stay out .of war. . 

b. the United^tajtes did not want^to'sign any treaties, including 
* peace treaties. 

c. political solutions proved to be * good way to keep out of war. 

6. The Naval Disarmament Treaty was: 

9 

, an agreement t?etw.een the United States and Russia to not engage 
ir) any Naval toi^p^I 

an agreement amorfg "the -United States, France," Italy, Japan, 

tnd Britain to -stop 'building ships over 10,000 tons and with guns 
igger than 8 inches, 
a worldwide success because each'of the agreeing countries 
• abided by the treaty. " „ 

Because of the "Naval Disarmament Treaty: 

a. * the Naval Command concentrated on new naval strategies. . 

b. " the Navy was allowed to build larger battleships. 

c. thjree admirals resigned in. disgust. 




8. The strategies of amphibious warfare were worked out mainly by the: 
a'. Navy. 

b. Marines, N ' 

c. Corps of Engineers. 

9. Amphibious warfare is the Science of: 

a. invading occupied and heavily defended enemy bases 'from waters 

b. how tojsupply troops once they .have penetrated to the* inner areas 
of an island. , * 

/ c. penetration btfmbing. , t 

10. From 1936-1939: 

a. • the world experienced the development of dictatorships in Germany 

Japan, and Italy. *• 

b. the United States entered Wdrld^War II. 

c. # the United States joined the League of Nations. 

TRUE OR, FALSE QUESTIONS : 

T F 

1. Aftejf World War I there was, the feeling that a large Navy 
cost too much. . ' 



2. In 1883 the Congress ordered the building of large ships. 

3. The Atlanta, the "Boston, and the Chicago were all 'early 
examples of aircraft carriers. 

4. World War^I took place between 1914-1918. - . 

A 

5. After World War I the Navy had many more aircraft than * 
x before the war. 



6. The Naval Disarmament Treaty was an attempt to limit 
the'growth of world naval powers. 

7. The Naval Disarmament Treaty was a failure. 



8. Logistics is the science of how "to invade and occupy 
heavily defended enemy bases." 

9. Prime Minister Neville Chamberlain believed in 
4gpeasement. | 

10. In 1939 Hitler's troops invaded France. 
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VOCABULARY SKILLS: 



Usihg the following vocabulary words, complete the sentences below. There 
i«s only one correct, appropriate Word for each 'blank space. 

perspective: seeing e/ents or things in proper relationship to one another. 

dictator: in government, /a person who takes absolute control without the 
fre& consent of the^people or anyother r N ight. 0 

invade: to enter forcefully, as an enemy. 

- < 

fleet: the largest organization of warships under the command of a single 
officer. • . 

. » 
inland: in the interior part of a country of* region. 

isolationism: when a-nation decides to maintain' its rights and interests 
without any fortfal allies. 

vision: the ability to see with the eyes, often' used to suggest being able 

to see issues clearly. « » 

t 

economy: a' term used wheh referring to .the production of goods and services, 
their distribution, ;and consumption. 

disarmament: the reduction or ljnnjAtion of thefize and equipment of a • 
country's armed forces. . 

League of Nations: the first matfor organization of the states of the world 
dedicated to peace and international cooperation. It wasrounded after 
WorhrWar I in 1920. 

international: between or among two or more nations. 

strategy: the science or art of planning or directing large military movements 
and operations. \. 

Free City of Danzig: a self-governing territory whrch included the N. Polish 
seaport of Danzig. (Hitler ifivaded in -1939 and made it a part of Germany. 
It is now part of Poland.) * 

amphibious warfare: warfare waged by using naval and landing forces embarked 
in ships or craft, involving a landing on a hostile shore. 

allies: one who is united with, you especially by treaty. (During World War 11,^ 
England, the United States ancTRussia were allies.^ ' 

logistics: the system of supplying services and supplies to the fleet ships 
engaged 4*n warfare. 

appeasement:, trying to keep peace by giving in to the increasing demands of 
others. . v 

x m 
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1. The United States, -Russia, and England were ' . d uring World War II 
2: The Upjted States favored a policy of _j after World WaV I. 

3. - Kansas is an ._ state. 

4. Those who favored isolationism had a blurred , of how to 

-keep America safe, ( * ' • 

5. ' The Naval Disarmament Treaty disallowed any combat ships over 10, .000 tons 
*^ from being added to the j . • 

6. Hitler was a ruthless who wanted more .and more territory. 

7. 2 is when a country „ agrees to reduce the size ancl power 

of its anripd forces. 

8. Without historical . j a person or country is bound to 

repeat the errors of the past. 



9. In 1939 tfttler's troops invaded the 



10. "Itj order to move an entire fleet, the science of is 

necessary. 

11. Hitler was willing, to . ^any country he believed he c'ould 

capture. * 

12. The officer explained hjs _ for the naval battle. ' 

13. The United States refused to join the ^ . 

14. The Marines were responsible for developing the techniques and strategies 
or . 

15. The League of Nations was truly an IP organization. . 
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PRESIDENT -ROOSEVELT TAKES STEPS TO 

\ . ■ 

. ' PREPARE THE UNITED^ STATES ' } 

*"* As relations between the United, States , Japan and 
Germany became more strained / President Franklin D.' 
Roosevelt realized the United States m/ght sooh^ be involved 
in the war. He therefore, prepared for war by building up , 
naval forces in both the Atlantic and the Pacific and used, 
these to aid our allies. **'"* 

A'fter the European nations declared war on each other, 
President Roosevelt realized that it was probably only a 
matter of time until the United States also would become 
involved. He wanted us to be ready. He wanted us to have 
strong naval powers in both cflrea t /oceans . ^or *years we had 
kept fleets in the Pacific. We had ships near China r Now 
on 5 Sept. 1939, President Roosevelt ordered ajn American 
fleet into the Atlantic. He called it th*e Neutrality 
Patrol. Roosevel t\had been warding Ameri'ca^ about the Axis 
(Germany, Italy a^ Jgp>an) tlx/e^t for many 'y^S^s . Nqw the • 
threat was closer; » The Neutrality Patrol's official task 
was to track belligerent ships' and aircraft moving toward * 
the United States or* th$ West/indies. Unofficially, the 
Patrol allowed the* Navy ±o recall men from the reserves. It 
glso allowed the Nravy tolpf epare older ships for battle. 
Germany was angered by this/patrol. She wanted nothing to 
get in her way. " By the encj- ; of 1940 the dictatorships of 
Germany and Japan, had greatly expanded their conquests . 
Germany held Austria, most/ of Czechoslovakia, western and 
central Poland , /Denmark, Belgium Norway and the Netherlands 
(figure 1-1); Jcipan was pressing toward French Indochina. 
The United Sta/tes was sfeali not^ef f icial ly involved in the 
war but tensions were owing ^/^Tension was particularly' f 
strong between the United States and Japan. v Fo^r example, 
in May 1940/ President/ Roosevelt .transferred the Pacific^ 
fleet from /the" U.S. W^st Coast to Pearl Harbor, Hawaii, 
Japan was ^ngered at/having the powerful American fleet in 
what*Japat?i considered her waters. 
< 

Diplomatic relations grew more strained because Japan - 
was then involved in a war with China. To fight and win 
this war Japan needed large quantities of supplies. 
Earlier, the United States had sold* Japan supplies. But 
since Japan had increased her aggressive behavior in* the 
Pacific, the United States had become less friendly and less 
willing to se\l Japan supplies., Japan had "informed 11 ra the 
Dutch authorities in the East Indies that, oil resources in 
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Figure 1-1, The German Mastery 6f Europe (Reprinted with Permission of the 
^ % " Bepartment of History, Unijted States Mi 1 itary^ Academy) 
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those islands would be "developed 11 - jointly with Japan. It 
became clearer and clearer, that Japan was out to dominate 
as much of the t Pacific and its resources as she could. 
Certainly she planned to take over the East Indies and seize 
^fets mineral resources,. In response, the United States 
showed J^pan what it thought of her action's. First, 
President Roosevelt sapped- the sale of aviation gasoline 
and scrap iron to Japan; then, he stopped the. sale of steel; 
then he stopped the sal^ of oil. At the -same time in 1941 
he ordered all ' Japanese assets 'in the United States' f - 

frozen. This was close to declaring economic war and Japan 
knew it. In fact*, it is true to say that although not one 
shot hat). been fired between the United States and Japan, an 

3onomic war was on. ■ Japan knew she would have ,to find her 
r suppl ies somewhere el se . " 
% 

> 

1 ' , AGREEMENTS *Wl TH U.S. ALLIES 

** In order to prepare for the war, the United States* 
began making formal -agreements with its allies. ** 

.At about^this time, the United States began to close 
ranks with Britain- In Sept. 1940 the United States traded 
50 over-age destroyers to Britain. In exchange, ( Britain 
gave the United States rent-free leases of 99 years on v sites 
froln Newfoundland to the r West Indies for the establishment 
of Ameritan military and naval bases in the Atlantic. All 
of these bases were locatea in Britis ( h possessions. 

In March 1*941, the United States and Britain signed 
another agreement called the Lend-Lease Act. This act 
allowed the United States to transfer war equipment to any 
co untry wh ose defense^President Roosevelt judged "vital to 
tXe^eren^ of the. United States." Ypu should realize that 
by this time Pol*a : nd Rumania , Bulgaria, Hungary; Luxembourg 
and 'France had also'-flllen to Germany's pOwar. Britain 
itself was now threatened by German invasion.' The " . 

Lend-Lease Act put the United States squarely behind 
Britain. Many Americans objected to the Lend-Lease Act. 
They fait the United State* could still stay neutral to the 
Europeans' war and that this agreement was too strong. But 
President 'Roosevelt felt that without help Britain woulj^ 
fall. And if Britain fell the'Atlantic Ocean would become a 
wat'ery highway {oi Hitler's pavy. -And the United States 
could be next on his list of conquests. 



. « 

(During 19H, the United States came closer and closer 
to officially entering the war. The United* States and 
Britain had a secret meeting in Washington and wrote the 
A8C-1 STAFF Agreement- The Agreement was .that the, United 
States Navy would help escort transatlantic convoys to 
Britain, This was very important because it .was the United 
States 1 promise that it would fight to get needed supplies 
to Britain. They also planned for the United States 1 part 
if she officially entered the war. They agreed that the 
U.S, "'would concentrate mainly in the Atlantic'to fight 
against the Germans; first, bec'ause of Germany's superior 
military strength and second, because of the immediate 
danger to Britain. } Actually, from 193^1941 Germany haa 
treated American ships as if they were ^already in the war. 
For example, in Oct. 1939, ^the German cruiser, Oeutschland, 
captured the S.'S^City of Flint in the Atlantic. In May 
1941, German submarines sank the S.S. Robin Moor, in the 
South Atlantic Other ships were attacked and sunk. The 
worst pre-war loss occurred during October. ^On 31 Oct., the 
destroyer Reuben J-ames wa? torpedoed and sunk. Over 100 men 
were killed. Even yet there were Americans who wanted to 
avoid "direct involvement" in a'war. , *■ 

J 

JAPANESE PLANNING - 

* ** The Japanese decided they would have to destroy the 
U.S. Pacific Fleet (figure 1-2). ** ^ 

When Japan could no longer get oil from the Unit'ed 
States, she k/ew she would have to get it frotn somewhere 
else. Othre^/ise her war in China would fail for lack of 
supplies. Japan decided* that the only place to get the oil 
was in the Outch.East Indies; she j<^hKgo in and take it. 
In order to do this safely, the Japanese] reasoned they ;*ould 
have to destroy the U.S. Pacif ic'Flee t nbw moored at. Pearl 
Harbor and strong enough to interfere w/th Japanese 
maneuver/s. In order to acc-omplish this, Japan assembled a 
strike rorce in the Southwest Pacific. The Pearl Harbor 
Strike Force first went into the Kurile -Islands , off the 
/oast of Japan, Xo await its orders. On 1 Oec, the 
Japanese Admiral Yjamamoto radioed to his strike Force 
Commander, Vice Admiral Nagumo: VNiitaka Yama Nobore !, r or. 
"climb Mount Niitaka." This was the code command meaning 
"oroceed with the - attack . " The forfl£; having already left 
the Kurile Island^ on 26 Nov., made its way toward Pearl 
Harbor. 
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Figure 1-2. the Pacific" Theater 

(Numbers, indicate the sequence of battles between the 
Allies and the Japanese throughout World War II. See 
legend in figure l-2a.) 
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Pearl Harbor, Hawaii, 1941 ^ 
Luzon, Philippines 
Battle for Java 
• Battle of the Coral Sea 
Battle for Midway 

r 

Japanese Attacked Aleutian Islands— Diversionary Tact 
Guadalcanal 

Battle for New Guinea . 
Reconquest of Attu and Kiska 
Rings Around Rabaul 



Battle_of Marshall Islands 

i 

Battle of Saipan, Mariana Islands 
Battle of Iwo Jima 
Battle of Okinawa 
Hiroshima Bombed 
Nagasaki Bombed 
Figure l-2a. The Pacific Theater Sequence of Battles 
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THE ATTACK ON PEARL HARBOR 



** The' attack on Pearl Harbor came as a surprise and 
was art attempt by the Japanese to* destroy American naval 
power in the Pacific. ** .' 

The Japanese Fleet was just north ofthe Hawaiian % , 
Islands at dawn. They had been traveling for several days f 
hidden by stormy weather. But around the Islands the 
weather was clear. At about 0755 (local time) on 7 Dec. 
1941, the event occurred that changed America's mind. 
America was shocked out of any neutral feelings' when the 
Japanese attacked Pearl Harbor. 

Tne attack 'literally came out of the blue, just as the 
base was preparing to make morning colors. Most of the 
American warships- were neatly moored side by side. The 
troops were still' in' barracks. Manv of the officers and 
enlisted men were on leave. No, protective screen of light 
aircraft had been thrown out. In fact, the Navy really did 
not have 1 enough planes to keep-a constant patrol in all the 
hundreds of islands around Hawaii, and the Japanese Command 
realized this. The Japanese destroy%d our planes while they 
were still on jjhe ground. 

The attack plapes came in two waves. The first wave 
spread out and hit the moored ships, the airfields, and the, 
barracks. The second attacked the same targets. Terrific 
damage was done. In all, about 360 Japanese planes flying 
from six carriers had disabled or destroyed 347 American 
planes. The Navy and the Marine Co*ps lost over 2000 and 
800 were wounded. Of our eight battleships, the Arizona 
exploded (figure 1-3) and the Oklahoma capsized. Three 
others were so damaged, they sank. In a very short time, 
the Japanese had nearly destroyed the. naval force at Pearl 

Harbdr. 
. • 

The Japanese believed that the attack would achieve 
several goals. By destroying the Pacific Fleet Japan 
Wlieved she would not only disarm, but would frighten the 
United States. She believed the United- States would be. 
afraid to oppose any Japanese war actions, in the Pacific. 
She believed the United States would b« ready to bargain for 
a quick peace. Part of Japan's plan w3s to insist that the 
peace treaty give her the right to keep all her conquered 
territories in the East Indies. As a result, she would be 
guaranteed the oil and rubber she needed for her war in 
China-. You could say that the attack on Pearl Harbor was. 
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part of Japan's secret plan to use military might to finally 
win her economic war with the United States. But- this plan 
backfired. J 

AFTERMATH OF PEARL HARBOR 

** Pearl Harbor ended any American feelings of 
neutrality* The attack failed in several ways: it missed 
the American aircraft carriers, the dry docks and repair 
yards, the fuel farm, and, finally, the Japanese did not try 
to occupy Pearl Harbor, ** 

_~ < 

When news of Pearl Harbor reached home, people were at 
first shocked and frightened. But then they were furious- 
Pearl Harbor ended any feelings of neutrality. Instead of 
being frightened, Americans yere now united. 

Furthermore, the Japanese attack had 'failed in three 
military ways. First, all the American aircraft carriers 
had been out at sea and so they were riot damaged. Second, 
the Japanese planes had not bombed the dry dock and repair 
yards. These were used at once to repair damaged American 
ships. Third, the fuel farm was unharmed. Millions pf 
gallons of fuel stored heje were used later in the war to 
power American ships. Finally, the attack failed in another 
fundamental way. The Japanese did not realize they might 
need Pearl Harbor later as a key defense position. . They did 
not try to occtJpy Pearl Harbor or at least to destroy all of 
its praval facilities. 

Pearl Harbor had other important strategic* results. 
The carriers that survived became the backbone of the Fleet,* 
This, of course, made aircraft more important, -W/sp a minor 
failure by the Japanese was to have lasting results later on 
in- the war. Part of the Japanese "strike force consisted of 
30 submarines. Some of these even carried little two-man 
subs which were to detach and wait in th.e mouth of the 
harbor to torpedo any U,S, ships trying to escape. But the 
Japanese submarines proved to be the least effective weapon 
of their strike force. In fact, one of the two-man subs ran 
aground and a crewman was captured by an American Army 
sergeant. This crewman was the first Japanese prisoner of 
war. Partly because of its poor performance , the Japanese 
considered the submarine a minor weapon and did little to 
develop it. Later in the war, when they needed efficient 
submarine and anti-submarine forces, they did not have them. 
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^ne more major; result of Pearl Harbor should be 
mentioned. The ^Japanese believed that the United States 
.would oack down and that the rest of -the world would follow*. 
Inst&ad this surprise attack made Britain, Australia, New 
Zealand, South Africa, Canada, The Central American 
Republics and some South American countries Japan's enemies. 
t)apah thought the attack would cut down resistance. 
Instead, the war became worldwide. 

The Navy began to reofganize directly after Pearl 
Harbor. Admiral Ernest King became Commander in Chief, 
United States Fleet. He was also named Chief of Naval 
Operations (CNO) . Admiral Chester W. Nimitz became the new 
Commander in Chief, Pacific 'Fleet (CINCPAC)*. His great task 
was to take control of what became the largest naval -war 
effort the UMted States had ever faced. His order might be 
summari zecL^ars : stop the Japanese in the Pacific. 



WORLD WAR II: ATLANTIC AND PACIFIC THEATERS 



« JAPANESE ATTACK THE PHILIPPINES AFTER PEARL HARBOR 

** After Pearl Harbor, the Japanese attacked other 
islands in the Pacific. ** 

Oirectly ajfter Pearl Harbor the Japanese movea swiftly, 
making other attacks in the Pacific. The most extensive of 
these were their invasions of th§ Philippine Islands (figure. 
1-4) and Malaya. , 4 

At this time., General Douglas MacArthur was commander 
of all troops in the Philippines. His idea had been to 
train the Phil ippine people as a. sel f-pr otecti ve army. But 
the Japanese attacks came befoi/e,the army was ready. The 
Japanese attacked Luzon, the mfiin island in the Philippines. 
They attacked all along its^dast. They attacked at other 
points as well. And soon there were not enough American 
forces or well-trained Philippine forces and equipment to 
defend the long coastline. The American forces in Manila, 
the capital of the Philippines and America's strongest 
position in the Orient, withdrew toward the Bataan 
Peninsula, a finger of land 25 miles long and-20 miles wide 
on the southern coast of the island. General MacArthur 
finally withdrew hit .forces to the Bataan Peninsula as well. 
The idea was to hold a position there. But they couldn't. 
Supplies were not. adequate and the"malaria was so bad that 
soon only one 'fourth of the forces were fit enougn to fight, 
MacArthur was ordered to*l-eave and go to Australia to assume 

e 
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Figure 1-4. The Invasion of the Philippines by the Japanese 
December 1941; Arrows Indicate Invasion Routes 
and Dates 
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command of the newly formed Southwesf Paci f ic Area. 
Eventually the forces had to surrender. 'They did, and so 
the fighting Shifted, to the fortress island of Corregidor 
which was only two miles from the Bataan Peninsula. 

¥ 

Corregidor, guarding the entrance to Manila Bay, was 
considered one of the strongest and most defendable places 
in the Pacific, mainly because of its rock terrain and the 
15,000 troops stationed there. There were three high hill 
masses there. The highest was 550 feet.' These hills i^ere 
filled with gun emplacements* many of which were securely 
mounted behind concrete slabs or in open pits. The guns 
were very effective against shelling from offshore ships. 
But they were-open to attacks from- aircraft . The internal 
structure of Corregidor developed into a defense problem as 
well. Corregidor had a tunnel system that gave underground^ 
protection for food stores, ammunition, medical spaces, and 
communications, 'But the tunnels ha'd a weakness. The air 
supply in the tunnels was poor. The Philippines are very 
hot and humid. When filled with sweating men, the tunnels 
on Corregidor became terribly hot. 

Corregidor became the headquarters of all United States 
and Philippine forces in the Philippine Islands, .It was 
hoped that the* forces could stop the Japanese here. . But the 
Japanese were too strong and well equipped. The Japanese „ 
formed ^a powerful sea and air blockade and from Bataan they 
began to shell the island. Attempts to break the blockade 
failed and so the forces could get no supplies; food grew 
scarce. Rations were cut again .and again but the American 
forces kept fighting, Lt, Gen. Jonathan N. Wainwright had 
been commanding Corregidor since ^leaving the Peninsula. He 
inspired his troops by promising to hold Corregidor, He 
knew its importance. He knew it protected ' the best harbor 
under the United States flag in the Western Pacific, and 
that it was strategic to the Japanese because it crossed the 
North-South shipping lines between Japan and the South China 
Sea, He said Japan would have to walk over him to take 
Corregidor , 

Wainwright and his 'forces fought bravely. But the ' / 
American fortes were too few and their supplies too thin. 
The days and months dragged c5n and the Japanese kept on 
shelling. By the time the Japanese finally took what was 
left of the j island, American forces had suffered starvation, 
thirst anb "disease. They had also suffered the worst 
bombardment the Orient had ever seen, * * 



The surrender came on 6 Mgpy-1942. This date will live 
forever in sorrow and pride. The sorrow . is ft=u> the American t 
losses, of over 2,000 killed and 11,500 made prisoners. The 
pride is for the unbelievable bravery of American forces. * 
It is amazing 1 to .real ize that the American defenders of 
Corregidor inflicted five times as many casualties as they 
received. 

The Japanese continued to roll on through the 
Philippines. The islands, once the pride of America, were 
to be lost. 
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MULTIPLE CHOICroDESTIONS : . 

1. As President Roosevelt realized that the United States might be- 
drawn into the war, he proposed: 

a. combining our naval fleet witf?Britain' s. , 

b. reducing naval power in the Pacific and .incrjasing it in the Atlantic 

c. building up American naval power in both the Pacific and Atlantic 
oceans. • 

2. * The Neutrality Patrol's official task, was to: 

* 

a. track belligerent ships and aircraft moving towaf-d the United 
States or the West Indies. 

b. convoy Briti-sh- ships on their way to Russia. 

c. guard against the attack by Japanese ships in the Pacific. 

3. When Japan became more aggressive in the Pacific, she planned to: 

a. persuade the rulers of the East Indies to sell her oil at a much 
reduced rate. ' * 

b. take over the East Indies and sei-ze its mineral resources. 

c. destroy all of the East Indies. 

4. In S.ept. 1940, the United Spates: 

a. traded 50 destroyers to Britain in exchange for 99-year leases 
for bases in the Atlantic. 

b. attacked the Japanese forces in the East Indies. 

c. had a meeting in Washington and wrote the ABC/Staff Agreement. 

'A 

5. The ABC/Staff Agreement was important because: 

a. it was the United States' promise *t;hat they would fight ^to get, 
5 needed supplies to Britain. > 

b. it outlined the United States' naval strategy in the Pacific. 

c. it allowed the United States to transfer war equipment to any 
country whose defense president Raosevelt judged vital to the 
welfare of the United States. . - ' 

6. The worst pre-war loss suffered by the United" States was: '• 

a. the destroyer Reuben James. 

b. the gunboats off the coasyt of China. 

c. the battleship Arizona. , ,^ 

7. The first wave of Japanese planes at PearJ^Harbor attacked:- 

a. the moored ships, the airfields, and. the barracks. 

b. the battleships, the destroyers, and the aircraft carriers . 

c. the oil reserves, the barracks, and the moored ships. 



"8- The Japanese attack on Pearl Harbor was not fully successful because: 

a. -they missed major targets in th'e harbor. 

b. they faiTed to hit the carriers, the dry {loci, repair yards,' and th§* 
' fuel farm. 7 

s c. they occupied Pearl Harbor and 'were later. attacked ^by fighters from t 
the IftS. carriers. - 

9. When the Japanese submarines performed^ badly at -Pearl Harbor, the Japanese:. 

^a. began a large submarine development program.. 

b. discounted the submarine as a major weapon. * 

c. brought in German submarines for assistance. ■ 

10. Admiral Chester W. Nimitz! orders after Pearl Harbor were: 

a. retreat to Corregidor. ^ 

b. stop the Japanese in the Pacific. 

c. supervise the rebuilding of Pearl Harbor. <^ 



TfftjE OR FALSE/QUESTIONS : 

\ j ^ 

I. After Pearl Harbor the Japanese moved cautiously and* 
avoided making«other attacks in the Pacjfic. 



2. The Japanese beli§ved a success at Pearl Harbor would 
cripple the Unfted States 1 ability to fight in<the ^atific. 

3. Corregidor was consideredxme of. the strongest defendable 
- places in the Pacific because of its flat terrain. 

, N ' / - 

4. * Two of the most extensive Japanese attacks in the Pacific 

we«/in the Phil ipfpines^and Malaya. 

'5. After MacArthur left, Corregidor's commartd passed to 

Admiral King. s 
* . *- 

6. ^°When Japan increased her aggression in the Philippines, 

the Urvited States responded by refusing to sell her supplies. 

.1 7. Luzon- is the major island of the Philippines. 
U ' c - > • 

8. • Neutrality is^the^attempt to avoid involvement in a war 
by avoiding allegiance with any^rticipant. 1 

1 9._ By 1941 Germany had attacked and .'captured Poland, Denmark, 
Holland, .Belgium, Luxembourg, France, and Bri-tain. 



eric 



10. Japarrwas angry when Roosevelt trarfsferred the Pacific* 
Fleet from the West Coast to Pearl Harbor because Japan 
reconsidered the. Pacific waters her territory. 
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VOCABULARY SKILLS : • * 

'. " " s 

<• . - 

Using the following vocabulary words, complete the sentences below. There 
is only one correct, appropriate word for each blank space. 

axis: the alliance of Germany, Japan, and Italy during World War I I. • 

belligerent: a warlike or aggressive attitude. (The participants in a battle 
are referred to as belligerents.,) 

resources: -a natural source of wealth like oil or coal. 

«r 

dominate: to rule or cpntrol. 

p ^ , 

asset£: total persqnal property. 

conquests: the a€t of gaining something by using force, 
transatlantic: crossing or extending across the Atlantic Ofcean. 



convqy^ - merchant ships or supply ships.escorted by warships and sometimes 
aircraft. 



1. The alliance of Germany, Italy, and Japan became known _as the_ 

powers. t ^ 



} 2. In demanding *tltat the Dutch East Indies develop its resources* jointly 
with Japan, -Japan showe<t,its - attitude. x 

3. -One could say that a person's intelligence and emotional stability are 
important natural . • v 

4. The United States promised to provide^ British sJrfps ,__ 

convoys if necessary. k 

5; By 1941 , ^Germany had made many . in Western Europe. 

6. A collection of merchant ships protected by warships ,is*a • 



7. ..Germany eventually wi^h^t to . all of Europe. 

8. - An individual's personal : might be coWidered his 



property. 
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THE NAVY IN 'THE ATLANTIC 



** The Navy's main goal*in the Atlantic was to combat 
the German submarine. ** * 

The Navy^s^main goal in the. Atlantic^ was to find and 
destroy German submarines (U-boats). (Figure f-5 show-s a^ 
German U-Boat.) Unlike Japan, Germany fully understood the 
submarine's value- as a weapon. Germany had successfully 
used the submarine in World War I; in World War II they used 
it agairk . ' • 

*' Up to April 1940, 688,000 gross tons of Allied and 
neutral §£*p]Ding had been sunk; by 17 March 1941., German 
U-boats had sunk an additional 2 ,314 ,000 'tons. The^United, 
Statefe and Britain realized they had to stop the Germans. 
They had to ,keep the sea lanes open for needed supplies. . * 
Without supplies there could be-no victory in Europe,, 

Cooperation was the key to victory. Ships and planes 
had to work together to find and destroy the German L , ' 
submarines. This work took not only. excellent equipment but 
human self-control as well. Realize that much of a crefr's 
tima* was spent in searching far the submarines. Hoyr after . 
hour of searching became boring, yet each man was expected 
to stay totally alert all the time. They fo.rced themselves 
to stay alert until the time for battle came. Then they 
us6d seven major weapons, and these weapons were so 
effective that by May 1943 we succeeded in sinking 43 German 
U-boats; This German defeat was the turning point in the 
Battle. of the -Atlantic. * 

COUNTERtfEASUREsJtoGAlNST 'THE U-BOATS (figure 1-6) 

Technology*^ 

% Sonar, rada,r and sonobuoys were all electronic 
devices used t,o discover the presence of a 
submarine. These were\r'ef ined as the war went on. 
' Sonar bounces 'a sound wave off, the metal hult of 

. a submarine to detect its, presence. Radar uses 
electrical impulses and is more" precise because it 
not only finds an object, but measures its range, 
bearing, and elevation as well. The sonobuoy , is 
a sound receiver-transmit tec dropped from ant 
aircraft to pick up submarine noises and send these 
back tp the plane. All df these inventions ' 
contributed to finding and destroying submarines. 
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Coastal Convoys 

Unprotected ships were hunted by the German 
submarines.- The Germans counted on the subs to 
destroy dr cut off the' supplies flowing -frog. 
America to Europe and from the West to Russia. 
•In this effort the German subs actually got close 
enough to, see the lights of cities on the east 
coast of the United States. To protect "the supply 
ships, the convoy idea* was developed. Merchant 
ships would cluster in protected harbors at night 
(figure 1-7). They would travel only during the 
day protected by warships. When the convoys 
travelled in the open seas, the convoying 
men-of-war would take protective positions around 
the merchant ships, ancf then stop at the next 
^protected harbor. These harbors were protected by 
mines, .blimps and surface vessels. The blimps were 
lookouts. If a sub was sighted by a blimp, the 
blimp would call surface vessels or planes to 
attack. The blimps,' ships and pLanes worked as a 
team. Of course, convoys did not only operate i 
along our cpjsts. They often made trans-oceanic 
voyages and it was here in unfriendly waters and 
along -unfriendly coasts that they suffered their 
greatest losses. 

Air PatroLs 

Air patrols were flown by planes designed for 
hunting and sinking submarines. One of the most 
successful of these patrol^ planes or flying boats 
was the PBY , also called Catalina. They were 
equipped with radar and depth-charges. As long 
' range planes carrying a lot of fuel, they could fly 
and hunt for»long periods of time. Whe'n an enemy 
submarine surfaced to recharge its batteries,' the 
PBYs would attack. Besides destroying submarines, 
the PBYs had other important uses. Sometimes they 
would see subs and signal to surface ships, which 
would attack. PBYs often saved the survivors of 
sub attacks. 

t 

Destroyer Escorts (DE) 

The DE was smaller than the full-sized destroyer 
and was specially designed for anti-submarine 
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Figure 1-7. A Convoy ,j. 
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warfare. On the forecastle she carried a hedgehog. 
The hedgehog threw a contact-fused projectile into 
the water .ahead *of the DE wtien the submarine 1 ^ 
underwater position v/as made certain by sonar. 
Since the hedgehog only exploded on contact with 
a sub, an explosion^jneant a hit. 

Escort Carriers 

» 

The escort carrier wa's. the smallest aircraft* 
carrier. It carried between 21 and 30 planes. It 
was used to provide air protection farther out at 
sea. Its aircraft also carried depth bombs. Most 
important, the escort carriers teamed up with the 
DE 1 s to form "huntep-killer " groups. 

Building Yards 

From 1940-3,945 the United States produced more 
vessels than in all its past history. Among them 
were submarines, attack ships and merchant ships. 
The United States was Able to put 4 together many 
ships in a few days orjre-eks for several ^reasons. 
First, the shipyards worked on 24 hour shifts. 
Second, the yards used mass production techniques. 
Working in factories all over the country, 
thousands of people made the individual pieces 
first. They were then transported to a shipyard 
and assembled with other piece* which had oeen 
mass-produced somewhere else. For example, a plant 
in Denver, Colorado, made thousands of sections for 
destroyer escorts: These sections were then 
shipped by rail to California and put together with 
other sections at Mare Island Navy Yard. Similar 
team efforts occurred at factories and shipyards 
throughout the United States. 

Mass Training 

The U.S. Navy D set up what could t>e called an 
anti-submarine university,. There were several 
schools training specialists in using sound systems 
and 15 ant i-submarirfe training centers. Graduates 
left these schools to man the anti-submarine 
vessels. The crews were well able to operate the 
equipment designed for anti-submarine war fare . 
Realizing the importance of teamwork in the 
submarines, the Navy suspended its practice of 



\ 



shifting officers from one kind of -duty to another. 
Because of the amazing mass training system, the 
development of new weapon systems and strategies, 
and the dedication o : f the men involved in 
anti-submarine warfare, the Germans vrere eventually 
forced 'to retreat . ^ 

+ * » 

Statistics and descriptions of weapon systems do not 
explain, the difficulty of anti-submarine warfare in the 
Atlantic. Neither* do they show ttie dedication of our 
forces. Perhaps the best example illustrating the . 
difficulties met by our conveys artd the dedication they 
showed is illustrated by the North Russian convnys. Weather 
conditions were worse herefthan on any route in the world. 
These convoys met heavy gfales, snow, and sleet storms.* Ice 
offered an added danger to navigation. c If a sailor fell 
overboard in Arctic waters he would freeze in a few minutes. 
In spite of all these hazards, the port of Murmansk in 
Russia received the supplies^it needed. Some his tori'arrs 
believe. this allowed the Soviet Urt<£pn to hold out against 
the Germans. 

The German submarines ksjpt.up their attacks on Allied 

shipping until the end of the war. But the Allies 1 

abilities to successfully destroy the sufrtilarines while 

continuing to protect supply ships, and America's ability to 

build more and more ships, eventualiy^pf fset the Germans 1 

subma rine s treng th . 
* 

r 

t- 
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MULTIPLE CHOICE QUESTIONS ; ' . 

1. The greatest danger to the Allies .in the Atlantic was: 

arr amphibious landings, 
b. the U-boat. 

.c. the newly designed German destroyer escort. 

2. When they spotted German submarine's, blimps: 

a. sent messages to surface vessels and aircraft. • 

b. ' attacked with depth charges. ' 

c. wired the convoys to change course. 

», 

3. German submarines got so close to the east coast of the United States, they: 

a. could see the lights of the coastal cities. 

b. actually attacked and sunk two merchant ships -in New York harbor. , 

c. frightened President Roosevelt into ordering a protective blockade 
of Miami harbor. 

4. PBYs were also krfewt} as: 

•* * 

a. Catalinas. 

b. Escort Carriers. 

c. -DE's. ^ 

* 

5. A hedgehog was: 

a. a weapon that threw anti-submarine bombs at a U-boat. 

b. a light fighter carried on a baby flattop. 

c. a t depth charge weapon dropped by the Catalina. 

6. Building yards: 

a. limited their manufacturing to DE's and CE's and as a result were 
'exceptionally efficient. 

b. were concentrated primarily on the east coast and therefore could* 
quickly transport and assemble their products. 

c. applied the mass-production methods of auto manufacturing to 
shipbuilding. 



7. ' Murmansk was: 

a. a port off the coast of Australia that six German U-boats destroyed 
in '1942. A 

b. a strategic 'Russian p'ort in the North Atlantic. 

c. the second most important Russian Admiral' during the Battle of 
the Atlantic. - * 



% 



8. The dangers in convoy work-in the North Atlantic were increased: 
a. by the rough seas and ice cold waters. 

. b. because the Russians had no protective aircraft to protect ships, 
c. because the United States and Russia were not allies. V 



TRUE OR FALSE QUESTIONS : 



Mass training of personnel can be considered one of J;he 
major weapons used by the United States to combat the 
German U-boat. 



2. The escort carrier (or baby flattop) carried the search 
aircraft far to sea, where land-based planes could not 
reach. 

3. Sonar, radSr, and sonobuoys were electronic devices used 
by the submarines to combat the surface craft, ^ 

4. The "Battle of the -Atlantic 1 ! was a combined effort by the 
United States, Britain, and France to keep the sea lanes 

- open to Europe. 

5. Blimps were an important part of the convoy strategy. 
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VOCABULARY SKILLS: 



Using the following vocabulary words, complete the sentences below. There 
is only one correct, appropriate word for each blank space. Four words are 
not appropriate for any space. 



2. 
3. 

4. 

5. 

6. 

7. 
8. 



hedgehog 
radar 
, coastal convoy 
Odessa 
s sonobuoy 

Prime Minister Churchill 
sea lanes 



protected harbors (anchorages) 
logistics 
flying boat 
Europe 
Australia 

Prime Minister Chamberlain 
was developed to protect supply ships that 



The 

were being hunted by German submarines. 

During the 'night the supply ships would cluster in . 

Sonar, , and (s) were all electronic devices used to 

discover the presence of a submarine. * 

One type of plane specifically designed for hunting and sinking submarines 
was nicknamed the ; . 

of England tried to deal peacefully with 



the Germans before World War II. 
Keeping the Atlantic 



_ open for merchant ships was vital if 



the allies were to win the war in Europe. 

the was an exploding anti-submarine weapon. 

The system, of supplying services and supplies to fleet ships engaged in 
warfare is called . 11 
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BRAIN TEASERS: 



1. Write -to the Museum of Science and Industry in Chicago, Illinois, and ^ 
explain that your class is studying anti-submarine warfare in the Atlantic 
during World War II. Ask them to send you information on the captured G.erman ° J 

^ submarine U-505 on display at th^ museum. This sub was captured by CAPT Dan 

Gallery's group led by the escort carrier USS Guadalcanal- You should also do 
library research to gain additional information. 

2. Go-"ft> the library and do research on t ha modern nuclear submarine. 
Compare and contrast the U-boat with this much later relative. In what basic 

, ways do you think they are similar? In what fundamental ways are they different? 

r 

3. Admiral Donitz, German U-boat commander, thought up a tactic which he 
called the "wolfpack" tactic. First, as a class ask yourselves what the name 
itself suggests and try to imagine such a tactic without doing any research. 
Then go to the library and research the actual tactic. How close was your , 
original imaginati ve,guess? Where were you wrorig? 

1 + 

Suggested References: 

Bekker, Cajus. Hitler's Naval War . 1975. Doubleday, New York. 

V 

Morison, Samuel E. The Two-Ocean War ;- A Short History of the United States 
Navy in the Second World War .~ 1963. Atlantic Monthly Press. Little,, 
. Brown & Co. > Boston. 



4. Find Murmansk on. a World War II map of Russia. "Research the weather and 

sea conditions of the area. Locate another area in the world where weather 
conditions are similar. x % 

\ ••• • . 
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WORLD WAR II: ATLANTIC AND EUROPEANTHEATERS 

- ** in 1942 America afid Britain ^oir>ed forces to,attack 
the (ierma.ns in North Africa. This, invasion resulted in the 
first major defeat of the Axis. ** 

" : By 1942 Britain had been fighting the German forces for 
'three .yeaiffejMssiz too hac* met tte German Army. Both 'were 
losing. In fl^spring of 1942'America joined the war to 
help Britain; 4 Their commands rjpt to make'plans that would 
^tar/k to turn the tide against the Germtems. _ The American . 
command wanted to make a^ direct, amphibious assault Dn , ' - 
Europe. They wanted to establish a beachhead in France 
and then fight an overland war'into the >heart of Germany. 
The British felt 'that Germany, was too strong for this 
approach. Sir- Winston Churchill, Prime Minister of England, 
felt that an attacj< v oh outlying German positions would work 
better . - *~ 

Chufchill suggested HK&t 'French North Africa wasythe 
best place' to attack. "Germany was getting stronger and 

• * stronger .here.,- In - fact, German Field Marshall Rommel, the 

• * Desert Fox, was badU'* beating the British forces. He w.as - 

getting dangerouslT^iose to the Sue^Canal, a tremendqusly , 
important shipping* lane .Which was controlled by the British. 
•An attack''c5n German positions along the coast of Africa 
* " " would take reinforcement's away fi*om Rommel and. from other 
"V 'German frOsitions in Africa and'on'the beaches of Europe. 

• « ' five Allies, agreed. T&e plan oalled for a gi&nt 

three-ponged amphitJious attack 00 North Africa (figu're 

* 1-8). lit had one* wain goal: 'take Morocco and Algeria a<nd 
clear Germany's forces out 'of t>h£ rest of North Africa. The 

/£ ' f ' plan was called ^Operaticyi Torch/ It involved thre*e, forces 

composed of British and American troops under' th^* command of 

General 'Eisenhower : r 

) ' * 

(1) The Western Naval Tssk Force was to land near the 
port of Casablanca in French- M.orocccS^. . 

*(2)- The Central Na**l Task' Force made up of British 
f and 'American -fSrces^ wasfttf^invade* Oran, Algeria/ 

{9fs The Eastern Naval Task'Fdrce was to ^fctack. 



Algiers . 
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The main worry in this operation was how the Vichy 
French .Forces would react. 'The Vichy were the French who 
cooperated with Germany.. The Vichy French Navy resisted at 
CasablaVica but U.S. Navy gunfire overcame them. ■ There was 
no resistance 'at Oran or Algie^*. The fighting in North -* 
Africa ,went on. until May 1943. By the time the fighting 
endetT7~ the Allies had ca'ptured the entire German African 
corps 275,000 enemy soldiers. They had also sunk 433,800 
tons of enemy shipping. The North African operations 
achieved the Allies 1 goal: to take Morocco and Algeria and 
clear the Germans out of the rest of North Africa* This .was 
tfne fir,st £>ig Axis defeat. 



** The^-long Battle .of Stalingrad in Russia turned the 
tide against the Germans on the. Eastern Fronts ** 

At about this same time- the Russians won a qreat- 
victory. In the winter of 1942-43 a large German army had 
tried to capture Stalingrad, an industrial city in Russia 
that was on Germany's direct line into the oil-rich a^eas of 
Russia. If Germany could take Stalingrad, a firm position 
woiTtd be^ establ ished covering Germany's line into— the oil. 
regions/ Instead, after months' of fighting, the Russians . 
surrounded the Germans and defeated them, eventually 
capturing 300,000 prisoners. The Battle of Stalingrad 
turned the tide against the Germans on the Eastern Front. 
Now the Russians, instead of^being on the def ensl ve~"Be" g an" 
to push their way bac^ acrcfss Europe towards Germany. In 
other parts' of Russia & the jdermans were also starting to< 
lose. Two year.s later the/Russians would enter Berlin, 
Germany. , v 



Allied strategy. ** 

In Jan. 1943, President Roosevelt and Prime Minister 
Churchill met in Casablanca to decide what their next 
actions should be. After long discussions and compromises 
they eventually came to three\majof decisions: v ^ 



ON THE EASTERN FRONT 




I • 

t 

1. German submarines in the Atlantic had to be 
stopped. 

2. The next move against the Axis would .be an invasion 
of Sicily. 

3. They wOuld eventually'demand nothing short of total 
surrender of*Germany, Italy, and Japan. 



OPERATION HUSKY: SICILY 

- ** The Allies invaded and "captured Sicily. This was 
the first invasion cff Axis territory.^** 

Under the Command'of General Eisenhower, the combined 
•Allied attack-on Sicily began on 9 July 1943. 'Sicily is an 
island off the coast of Italy. To fully reopen the 
Mediterranean Sea to All ied^ sh ipping it was necessary % to' 

'occupy Sicily and Sardinia. The «na*/al side of the invasion 
was planned and directed by the British Admiral, Sir Andrew 
iTunningham; Admiral Hewitt, who had commanded the Navy Task 
Force in North Africa commanded the American amphibious 
forces again. Field Marshall Montgomery commanded the , 
British Eighth Array and General Patton commanded his , 
American Seventh Army. Again the campaign was a collective 
Allied effort composed of multiple branches of the Armed ' 

...Forces. The-Allies 1 assault that Larjrfftfl_ in $icily was 
rargpenrltrn ~ slze~ th an even* t'he Normandy' assaul t that took .>< 
place later in 1944. 



The Sicilian campaign lasted only 38 days. The Allies 1 
strength was mainly sea* power using many j<inds ^of newly 
developed amphibious ships. But air cover was also 
tremendously important. Quring the amphibious approach, air 
s.upport was so gooij and enemy aircraft was kept so busy or 
pinned down, that the approaching convoys suffered minimum 
damage.' In addition, the air cover made numerous bombing 
runs to soften th*e enemy. In short, allied air power was 
vastly superior to that of the Germans and the Italians, 11 
during the' invasion of Sicily. The air tfover very 
definitely contributed to the success of the landing forces 
by the time they hit the beaches. Once landed, the forces 
of General Patton and Field Marshall Montgomery defeated the 
retreating enemy. ?y 17 Aug. Sicily was under Allied 
control. The Allies now prepared to invade Italy. 
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OPERATION AVALANCHE: THE INVASION OF ITALY 

** Jhe invasion of Italy was very difficult because of 
the concentrated German troops and air power located there-. i 



Like the operation against Sicily, the invasion of 
Italy was a partnership between British and American forces. 
The troops of both countries worked together, side by side, 
both on land and at sea. Even though the Italians 
surrendered on the eve of 8 Sept. 1943, just before the 
invasion of the port city, Salerno,- the invasion was very 
difficult because Italy was filled with German troops. 

In addition to many troops, the Germans had 600 tanks 
in the area. The air cover for Allied landing troops was 
not strong enough. * As a result, the AllTes were pinned down 
on the beach. 

The American Navy saved the day, delivering fire 
support that* finally turned back the Germans. The cruiser 
^Savannah alone fired 645 rounds of 6-inch shells. But it 
was a hard battle and the effectiveness of the "ships was 
counteracted by the German Air Forced fierce attacks. The 
Germany used a new radio controlled bomb. Many ships were 
damagep (.figure 1-9-). -• 4 



I^T~treOTy~Tosse^ lies established a beachhead, 

on Salerno. In September, the Germans withdrew to a new ' 
dgrense line north of Naples. By 1 Oct. the Fifth Army 
occupied Naples. The Seabees feverishly worked to. clear the 
harbor and the Allies began their buildup to move^Qrth. 



ANZIO 

• ** Tl^e next landi'n^ in Italy was at Anzio. ** 

The next l^hding^was at Anzio, 37. miles south of Rome, 
fhi.s was done to leapfrog ■ over the major German forces which 
formed *a line 'about halfway between Naples and Romp. The 
idea *as to get behind them and break through their line and 
then fight on to capture Rome. The landing wa# m&de with 
only two divisions. And the first assault met only light 
German resistance. But then the Germans reinforced ancj 
stopped the Allies.* Both 'sides reinforced. The weather 
turned rainy and the battle was fought in mud. It was only 
after the weather cleared that the -Allies broke the 
/i$5^dlock. 
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Before the Allies had won Anzio, the United States 
losses alone wer-e— 5^000 men and 20 ships. On 4 June 1944 
the Allies reached and entered Rome. The Nazis had pulled 
out. 'This was two days before the great Allied invasion of 
Normandy. 

OPERATION OVERLQRD AND D-DAY IN NORMANDY 

** Hitler tried to defend the long coast of France by 
heavy fortifications, mined beaches and readily movabl,e 
striking forces but his preparations were not enough to stop 
the invasion. 'Operation Overlord came on 6 June 1944. ** 

Hitler expected an Allied invasion of his conquered 
Europe. But he did not know exactly where it would occur 
and he had 3000 miles of coastline to cover — all the way 
from Holland around tne coasts of France to Italy. He 
decided, based on military intelligence, that the attack 
would come across the English Channel to tne coast of/ 
France. But even if the attack aia come to France, no one 
could De sure of exactly where. 'Field Matsnall Von 
Rundstedt, one of Hitler's leading commanders, felt the 
attack would come across tne narrowest part of me Cnannel, 
between Calais and Dieppe. But Hitler felt differently. He 
had a premonKion that the attack would come to Normanoy. 
He therefore decided to build up defenses along the long 
coast of France. He orderea a great fortification effort 
called the "Atlantic Wall n to be ouilt. In^hort, he 
ordered that the oeach oe turnea into a concrete and steel 
wall, a fort, protected, b'y thousands of m\ines and oostacl es 
in the offshore waters.' He ordered the en^l^cement^ of 
hundreds of guns on land so that any landing position could 
be showered with bullets. Rommel felt that wnerever the 
allied attack came, it would nave to oe repelled on tne 
beach. And during the last few months oefore the invasion- 
he had come to agree with Hitler aoout Normandy. As tne 
executive in charge of the forces on the CHannel coast, he 
ordered the construction Qf more underwater obstacles, 
bombproof shelters, and mine fields. Rommel had only one 
Panzer division at his disposal in Normandy. He put this on 
the beach and was able to check the enemy there on D-Day. 
He pleaded for anotjier division but nis request was denied. 
In addition to the beach defense. Field Marshall Von 
Rundstedt organized inland divisions which could move 
swiftly in delivering a powerful counter offensive to 
destroy the Allies after they had landed. • 



In the face of all Hitler's preparations, the Allies 
invaded Normandy beach. Hitler's strange premonition had 
been right. Commanded by Generalytisenhower , the invasion 
of Normandy was the greatest ampnibious operation in all 
history. Its mission wa s_eftO-Ejnous : to crush the German 
Army and liberate France. ( ' 

To orepare for the actual invasion, Eisenhower 
conceived a frlan to weaken the German position. His, plan 
had two parts. The first part was an ali out air attack 
against Germany. He wanted to destroy the- German Air Force 
and any factories manufacturing aircraft. It \*ork*ed. By 
April 1944, the Allies knew they would have a 30:1 a^fcntage 
in t^e air over Normandy. > 

♦The second part of the plan was to hit French raiiroaa 
yards, bridges, trains and tracks in order to cripple any 
troop movement oy rail in France. It worked. When the 
invasion came, transportation was so crippled, German troops 
ten to get to tne front on foot. Some had to riae oicycles. 
Eisenhower's two-pronged air attack prepare^ the way for £he 
All i^cT^amphibious trooos . 

V Tr\e Allies also had to prepare for the dif f icui t job of 
lanoirrig on the heavily fortified beaches. The landing 
operation took extremely careful planning. Tne Allies 
wanted to come in when the tides were just right* They 
selectea one hour after low tiae for the first wave of 
landing boats. In this way the tide would be rising just as 
tne ooa>ts came in and tnay could unload the troops, ye tract 
their landing ramps ancf get out without becoming stranded. 
Also, as each wave of landing craft came in, tne troops 
would have less and less beach to cross. Finally, at this 
tide, tne obstacles placed in the water as part of Hitler'^ 
preparation could be more easily seen and therefore more 
easily avoided or cleared away. 

The Allies also prepared for the harbor v and supply 
problems they wouid encounter after they establisned a 
beachhead. The Atlantic waters off Normandy were very" rough 
because of tne unusually stormy weatner (figure 1-10). 
Without harbors, it would t be nearly impossible to land 
supplies. The British figured out a way to make portable 
harbOFS, made partly of old ships and partly of concrete. 
They looked like giant floating picture frames. These were 
floated across the English Channel and sunk in long lines 
along tne beaches far offshore. They broke the rough 
waters* ttoese gigantic artificial harbors called 
mulberries acted as shelters so supplies Gould be unloaaed 
off the larger ships until' the Allied troc/ps could secure 
the port city of Cherbourg and its harbor. Once Cherbourg 
was taken, the Allies would have a place that could 
efficiently take in all the supplies needed for the rest of 
the invasion . 
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The actual landings took place on 6 June 1944 on five 
beaches. They were located between the CotentjLn (Cherbourg) 
Peninsula and the Orne River mouth near the city of Caen 
(figure 1-11) . The Americans landed at Omaha ^(figure 1-12) 
and Utah beaches. The British landed at Gold,* Juno, and 
Sword beaches. The hardest and most bloody landing was at 
Omaha beach. This beach was six miles long and there were 
more German troops here tfTsm — en the other beaches. The 
waters were filled with obstacles %*nd Navy teams had to 
blast channels through. The beach was wider and the 
approach steeper and better defended. The ground troops 
were being cut to pieces. Admiral Sry^nt ordered his 
offshore destroyers to move in closer in order to give 
better fire support to the ground troops. Again cooperation 
among the combined forces worked. 

• 

The troops landed and established therr beachhead. 
They expanded to cut off Cherbourg. The battle for 
Cherbourg went on with U.S. battleships, cruisers and ' 
destroyers getting into place by 25 June and shelling the 
port. The Germans resisted heavily but by 26 June the, 
combined effect of naval bombardment and Army penetration 
forced Cherbourg to surrender . In two weeks, the port had 
been repaired well enough to receive Allied supplies. 

The Allies now continued- the invasion of Northern 
France. General Patton's U.S. Third Army swept through 
northern France, capturing 50,000 Germaru troops . French 
resistance fighters rose up to help the Allies. By 24 Aug., 
thor Allies captured Paris and General Eisenhower took 
command of the Allied ground forces in Europfe. 

It is yery hard to picture the enormous size of the 
invasion. Altogether in the first 30 days, 929,000 .troops*, * 
586,000 tons of supplies and 177,000 vehicles were landed by 
the Allies on Normandy. TO, 000 Allied aircraft (figure 
1-13) flew to keep the German troops back away from the 
beaches. 400 mine sweepers worked to clear the sea lanes in 
the English Channel so that Allied troops could approach. 
As a result of these combined Allied efforts, ^ by 4 July 
1944, 1,000,000 troops had landed in France. The invasion 
of Europe was to continue until the Axis was defeated. 
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Figure 1.-11. D-Day Beachheads, Normandy, France 
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Figure* 1-12. .Army Troops Land on "Omaha" Beach 
Normandy Invasion, June 1944 



OPERATION ' ANV'IL:. INVASION OF SOUTHERN FRANCE 



** The* only other invasion in Europe took place dp -the 

Fre-nck .Riviera „at Marseille. ** 

• , t 

One more invasion took place .in Europe. Operation 
Anvy took* place on 15 Aug. on the French Riviera near 
Marseille* Its>Gbjectives w_ere Q)*to gain another port for 
supplies and (2Vto pyll German forces away from the major 
beaches in NormanUy. It was suAessful and in two weeks; the 
Allies had captured the port* of Marseille ; the Naval base at 
Toulon and the Riviera cities of Nice and-Cannes. The 
Allies then pushed north and by 12* Sept. met*Patton f s Third 
Army at Dijon. By this ti^ne, Belgium., Luxembourg and most 
or h ranee Tfati oeen " freed": — ; ; 



*~ - x GERMANt IS DEFEATED • . 

H ** The "Battle of the Bulge" in Bpl'gium was the. last 
German offensive 



Tl^e ^invaslpfs. pushed the Germans back through France and 
Into Belgium. erf'X^ v £>ec. the Gernrtan General Von Rundstedt 
tried a major count^xmove in the Ardennes area of Belgium. 
In history this is called the Battle* of the Bulge. Eleven 
days latei:, after fierce fightdng, the Germans broke apd * 
ran. j This was the la'st German offensive. 

The Allied armies kept % pressing toward Germany. 
American, British, French and Canadian troops pushed in on 
^4he Western and Italian front£; the Russian troops pushed in 
oft the Eastern -front. Byt March, Bradley's armies reached 
the 'Rhine River in Germany. They crossed, i f*oTr Navy landing 
craft that had been carried across Belgiu^ in trucks and on 
road cars. 




At about Vie same time the Russian ArmT-^as pushing in 
ftom the east. On 25. April 19^5, the United Srates and 
Russian forces met at .the Elbe river; Germany had, been cut 
half from west to east. 



On 7 May 1945, the war/end c ^d in Europe. Hitler was 
dead; Mussolini was dead. /The remaining leaders of the 
German Army signed an unconditional surrender at 
Eisenhower's headquarters in Reims, France. After more than 
five bloody ' years , World War II was over in Europe. * 
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MULTIPLE CHOICE QUESTIONS : , , . 

1. The Allies, decided to invade North Africa because: 

' • \ 

a. the Germans were increasing strength there and were getting 

dangerously close to Suez, 

b. Britain was getting the'upper hand over Field Marsharl Rommel and 
: an invasion force would reinforce tfte effort. 

c. a secured Africa was the quickest route to an invasion of the 
•German mainland, 

2. The invasion plan for North Africa was called: 

a. Operation Vichy; 

— b. — tperatton" Neptune, — — — - -— . — = — — — - 
c. ^ Operation Torch'. * i 

3. The main worry in the invasiofr^f North Africa" was: 

, a. how the Italian troops woulc( respond. 

b. how the Vichy French Forces would react. • 
C the rough waterS^off th^coast of Algeria. 

> * 

4. In winter 1942-43 during the -Battle of Stalingrad: 

\ 

a. the Germans defeated the Russians. 

b. the Russians defeated the Germans, 

# • c. the British withdrew t-heir- Sixth Army. ' j 

5. 'The major participants at the Casablanca Conference were: 

• a. Stalin and RoV^velt. " 

b. / Roosevelt and Churchill,. 

c, Churchill and Stalin. 

'6. The invasion of -Italy was: f 

a. started at Anz4o. 

b. „ a combined effort by British and American forces. 
' c. an American operation. 

7, The "Atlantic Wall" was x . 

a. ; a nine foot high%fcl1 built on the coast of England to provide 

protection from German attack. . « ' 

b. Hitler's fortification attempts to^ stop a successful allied 
invasion of Eurppe, 

c. Hitler's* inlandf line of defense in France and. Belgium. 

£ "Mulberries"' weye: , 

a. depth tharge weapons used in anti-submarine warfares • 
b; portable harbors constructed out of concrete and did ships, 
c> code names for the beaches at Normandy, 
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9. Cherbourg was particularly important to the allies because: 

a. the Germans had large stores of oil located there. 

b. it was needed as a harbor to receive the allied supplies that 
would be pouring into France. . / 

c. 1 the airfield there was crucial to support the later advances in 

southern France. 

10. Operation Anvil was the name for: 

a. the attack on Belgium. 

b. the invasion of southern France near Marseilles. 

c. Von Rundstedt's last major offensive against the allies in Western 
.Europe. .. . - — — — - — — 



TRUE OR FALSE QUESTIONS : 



1. In 1942, fcjie Anterican command wanted to make a direct 
amphibious assailt on Europe', and Churchill 'agreed. * 

2. Operation Torch* involved three separate forces. 

3. The allies' goal in Operation Torch was to take Morocco 
and Algeria and clear the Germans out of the V*est of 
Nortn Africa. 

4. The Sicilian compaign lasted over sijc months/ 

5. The landing at Anzio in Italy was done to leapfrog over, 
the major German forces who were between Naples ancf Rome, 

6. Mir^es were not an important German weapon during the 
invasion of Normandy. 

7. Part of Eisenhower's pre-invasion plan at Normandy was 

to use air'power to cripple German transportation in France. 

8. % The invasioa of Normandy was to occur at Kigh tide so tViat 

there would be no danger of the landing craft being 
stranded on the beach. 

9. The most resistance 4 at Normandy occurred on Juno and Sword 
Ibeaches. 

10. The last German offensive occurred in France and was 
called the Battle of the Bui ge^. , . — 
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VOCABULARY SKILLS : 

X 

Using the following vocabulary words, complete the sentences below. There 
is only one correct, appropriate word for each blank space. 

theater: The whole land, sea, and air area that is or may be involved 
directly in a war's operations. 

beachhead: A foothold area on an enemy's shore that is occupied to m 
make further landing of troops and supplies p ossible. 



retract: to pull or draw back. * , 
obstacle: an object that is in the way. 
enormous: great size; great number. 

1. After delivering troops on beaches at Normandy, the landing craft would 

its ramps and return to pick up another load of troops. 
; \ 

2 % , One of the major difficulties of the allied landing craft , was the number 
of (s) placed in the Offshore waters by the enemy I' 1 

3. The resistance put-up by German 'troops at Anzio was n • 



4. After establishing (s), the allied troops expanded opera- 
tions to cut off the port city of Cherbourg. 

s 

5. Operation Anvil was the only other invasion which took place in the 
Europeart ' . "~ 



BRAIN TEASERS : 

1. Can you find out why the Battle of Stalingrad lasted so long? Did 
weather conditions* have anything to do with its outcome? 

2. The invasion of Normandy was code named Operation Overlord. What is 
there about this irw^Sion that makes the code name seem appropriate? 

3. The invasion of Normandy depended on cooperation between the a llies. 
— — Try-^o-4magin e some of lfte~dtff 1 0TTIrte^ TJeen Involved/ 

in such *a large cooperative effort. / 



IN THE PACIFIC BEFORE MIDWAY^ ON THE DEFENSIVE 



** Immediately after Pearl Harbor (7 Deo. 1941), the 
Japanese Navy moved south seizing more and more bases. In 
only five months, they secured their major objectives: 
unlimited oil, natural resources and a protective Chain of 
island bases. ** ^ 

Immediately following the attack on Pearl Harbor (7 
Dec, 1941) the Allies made plans for 'the war against Japan 
in the Pacific. When the newly-appointed CINCfAC, Admiral 
Nimitz,' assumed command on 31 Dec. 1941, the -Japanese had 
already taken Guam, Wake Island, the Philippines, and the 
~MaiayasT~ The Navy's job, under Admiral Nimitz, was fo hold 

the line aga inst the Japanese, This imaginary bat tl^llne . 

Yra-5"-tfrsrwfi about midway in the Pacific. Above all else , 
Nyaitz was to protect the sea lanes to Australia. But this 
job would be difficult to carry out because much, of the U.S. 
Pacific Fleet was now destroyed. For all practical 
purposes, the U. S. Navy had. no way to set up a'nd hol<J a 
long battle line. 

■ The Japanese Navy, on the other hand, was powerful. It 
was almost free to proceed south toward , its main objective, 
the Dutch East indies, and even beyond to the shores of 
Australia. The Jfapanese moved south capturing islands 
throughout the Philippines, establishing air 'support for 
themselves, and then going on to the next island objective. 

By mid December, the Japanese landed near the oil ^ 
fields of Borneo. Then they moved toward JavS, the main 
island of the Indies. Java was the real prize because it 
was so rj.ch in natural resources. 

The remains of a very small Allied fleet commanded by 
Dutch Admiral Karl Doorman sailed to try and defend Java. 
The fleet consisted of the damaged^ cruiser Houston, 1 
British heavy cruiser, 2 Dutch light cruisers, 1 Australian 
cruiser and 11 assorted destrdyers. They engaged in battle 
on *T\ Feb. with 14 .destroyers and 4 cruisers under the' 
command hf Rear Admiral Takeo Takagi, convoying a large 
amphibi'ous force. The Japanese had ,all the land based and 
carrier cover they needed.. The bilingual allied fleet 
lacked a common language fir rapid communication, common * 
signal flags and code books, and as a result were unable to 
make fast, tactical moves. 
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After a three-day battle, the Japanese had completely 
•destroyed the Allied fleet. Admiral Doorman went down with 
his flagship, fighting to the £nd. Only four American 
destroyers escaped. They had left the column before the 
battle Was over-after they had fired all of their 'torpedoes 
and used almost all of their fuel. By Search the island, of\ 
Java surrendered to the Japanese. ^ 

By the end of March, the rich East Indies were in 
Japanese harvds. ' And as you k now, by A p r i 3 } Rataag and — . 
C^rre^yji^ Arra so by April the Japanese had 

achieved all their objectives ; unlimited oil, natural 
resources, and a tight chain of protective island bases. 



THE JAPANESE DEFENSE LINE 

> 

** The Japanese established a network of islano bases 
throughout the Pacific. **. 

A main pari of the Japanese strategy in the Pacific was 
to set up a long defensive cnai^n of bases. This line or 
chain was to run from Rangoon in tne Indien Ocean, including 
all the Dutch East \Indies.,\ all northern New Guinea -on the 
South, arvd extending to include Rabaul on New Britain ana 
Xavi.eng on New Ireland in the soutneast ( figure' 1 -14) . It'' 
tnen crossed the Pacific nortnward to wake^ Guam, aoo the 
British Gilbert Isiands. On the northern oorder tn^line 
was protected by the Kurile Islanos (from which Japan 
initiated the attack on Pearl Harbor) . The only weak spot 
in this defense line was Midway " I s^lana , almost in the center 
of the Paci f ic . 



The Japanese planned to use .thes-e bases to protect 
their rLch,East Indies holdings. But she also'plannsd to 
use them as strongholds frem which to defeat Allied 
reinforcements coming into the Pacific. From these bases 
Japan also planned to organize even further conquests. 
Finally, the Japanese believed that such sttength would 
discourage further American attempts to oppose the Japanese 
in the Pacific and force % the American Congress to accept a 
compr omi se peace, agreeing to let the Japanese keep all 
their possessions in Southeast \Asia and tne Indies. 



This grand plan was defeated_by __Admi_ral Chester 



__J£LCl~±h e-U v- Sr-N-ar vyr _v ATtef Te a r 1 
/ forces were too weak for any all 



Ha rbor , he knew the 



Klimit z 
Allies 



plan of 
Command , 



hit-and-run 



to confuse 



out battles 
and emDarrass 



so he created 
the Ja panese 
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Figure 1-*14. The Japanese Defense Line 
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The aircraft carriers, spared at Pearl Harbor, were . 
chosen for'the job. Forces from the carriers, under the 
command of Admiral Halsey, hit at widely spread out Japanese 
bases. The most shocking raid to the Japanese took place on 
18 April 1942. * You could accurately call the raid a 
combined Army Air Corps and Navy effort. The carrier 
Hornet, 650 miles from Japan, launched 16 B-25 Army bombers. 
Under a screening cover. of bad weather, the carrier had 
planned to get within four or five hundred miles of Tokyo 
before launching the planes, but they ran into two small 
Japanese patrol vessels while they were still some 700 miles 
from Tokyo. They decided to launch the B-25 f s immediately, 
fearing that the patrol Doats had given tne alarm. The 
bombers, led by Colonel DoolittLe, hit targets in several 
Japanese cities. The Japanese w v ere as surprised as we had 
been at Pearl Harbor. Not one American plane was lost over 
Japan, Because the plaaes did not have enough gas to fly 
back to the carrier they flew on to China. . They had 
originally planned to land on Chinese airfields but tnere 
was a mix-up in communications due to the early launch and 
the airfields were dark. They cruised around until their 
gasoline was exhausted, then either crash-landed in the surf 
or bailed out and let their planes go down in the waters off 
China. Of the eighty fliers on the mission, seventy-one 
eventually returned safely to tne United States. However, 
two pilots who fell into Japanese hands were beheaded. 

This "little Pearl Harbor" did almost no damage to the 
Japanese. But it shocked them and made them realize that 
their boast -- "Japan could never be attacked f \ -- was npt 
true. The Japanese commanders did not know where the 
bombers came from. But they did know they wanted to prevent 
bombers froy surprising them again. As a result, tney 
assigned hundreds of planes to stay and defend Tokyo. ^ 

Most /important of all, the Japanese Command decided to" 
,take more* territories, especially Midway Island. They felt 
that if they secured Midway in the Central Pacific and 
destroyed the forces there, the Americans woula not be able 
to send surprise planes again. They also felt-that an 
attack on Midway and a few other positions would^ot be 
enoug^. - * 

And so the Japanese stretched tneir plarfs even farther. 
They decided to move also into the Coral Sea area to cut the 
Allied sea lanes, to Australia. They^ also decided to make a 
two-pronged attack into the Solomon, Islands and Port Moresby 
Ir^N'ew Guinea. Japan decided to reach out in many 




directions at once.' The Japanese commanders had decided to 
break the Allied forces 'in, the Pacificjonce and for all. 

Admiral Nimitz knew about the plans because the 
Japanese secret code had been broken. He had plans of his 
own. -He ordered Task Force 17, a two-carrier group 
(Lexington and Yorktown) under Rear Admiral Fletcher, to go 
to the Coral Sea and be waiting "there when the Japanese .- 
arrived. 

% 

A ■ 

BATTLE OF THE CORAL. SEA * 

** The Battle of the Coral Sea turned into the' first . 
great Naval battle between aircraft carriers. It was also 
the first time that the Japanese Navy was turned back in^he 
Pacific. ** 

^ * 

' • "When the Japanese carrier forces arrived, the American 
carriers, Lexington and Yorktown, were there to meet them. 
So were three cruisers and a few destroyers. Here in the 
quiet Coral Sea the first great naval battle between 
aircraft carriers took place. This was the-^first naval 
battle in which no ship on either side ever actually saw : 
their opponent's ships. 

Perhaps because it wa*s the first great carrier battle, 
the action in the Coral Sea was filled with mistakes. Some . 
were funny; most were not. For example, on 7 May, the two 
Japanese carriers Shokaku and Zuikaku sent out a search 
party looking for the enemy they were sure was in the Coral 
Sea. The planes saw Admiral Fletcher's retiring fueling 
ships, an oiler and a destroyer. Tne Japanese planes 
mistakenly reported the oiler and destroyer to be a carrier 
and a cruiser. Japanese Admiral Takagi ordered an all-out 
bombing attack and sank both ships. The American carriers 
themselves were never touched. One funny anetdote says that 
in the gathering gloom of the evening of 7 May, several 
''Japanese planes mistook the Lexington for -their own carnar. 
They joined up*with the American planes circling for a 
landing. .When one of "the American destroyers noticed them 
and opened fire, they left in a big hurry! . • 

The Americans made mistakes too. American planes 
reported seeing "two carriers and four heavy cruisers." 
Admiral Fletcher thought this must be Takagi's Strike Force 
and sent his planes to attack. When the .planes were already 
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in the air it was discovered that the report ,.should have 
been "two heavy cruisers and two destroyers." But the 
planes luckily met a light Japanese carrier, Shoho, and sunk 
her in* 1 0 minutes . 

Fighting continued on 7 May. But the great battle came 
on 8 May. On 8 May the two great caiMefC forces un,der the 
command of Admiral Fletcher and Takagi found one another and 
launched their attack waves. Th'py were evenly matched. 

Dur.ing the long battle the Lexington was so badly hit 
she had to be- abandoned . Later the Americans had to sink 
her. This was the most serious American loss. 

But the Japanese Navy had been turned back for the 
first time in' the Pacific, ^nd the upcoming* Japanese 
invasion forces of Midway would-be three c&rriers short. 
The American carrier Yorktown, on the other Jiana, would.be 
ready!* j * 

THE BATTLE OF MIDWAY 

** The Battle of Midway was the turning point in the - 

Pacific war. It resulted in the Japanese losing four 

carriers, a cruiser and most important, the best Japanese 
carrier pilots. ** ■ * * 

Admiral Yamamoto had one major goal in attacking Midway 
Island; to draw out and destroy the U. S. Pacific Fleet now 
that it was weakest? Yamamoto knew that if h£ ana his. , 
mighty Combined Fleet could do this Japan could take any 
position in the Pacific. Admiral Nimitz and the sailors^ of 
the small Pacific Fleet did'not let this happen. ^ 

Yamamoto had a large portion of the Japanese Navy with 
him. He had 162 warships and many others ndt counting small 
patrol crafts. Among the huge fleet, were 11 battleships, 8 
carriers, 23 cruisers and 65 destroyers. Two Japanese 
carriers were left behind. One, the Shokaku, had oeen 
damaged in the Coral Sea, and the other, the Zuikaku, was 
kept .in port because replacements for the experienced air 
crews she had lost could not be trained in time. Admiral 
Nimitz had only 76 ships and pne-thircj o.f these never got 
.into the battle because they were too far away. % He did have 
the carriers- Hornet and 'Enterprise , "which had raced oack 
from' the Coral Sea, and also the carrier Yorktown, which had 
been repaired in an amazing £8 hours instead of three 
months. This -was a surprise for Yamamoto. 
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' But Admiral Nimitz had^trong, uncountable weapons. 
First, he had superior officers. He had Rear Admiral 
Fletcher on the Yorktowni He also had Rear Admiral A. 
Spruance who was in command now of Halsey's Task Force 16. 
Spruance had two carriers under him — the Enterprise and 
the Hornet. Each carrier had an excellent commanding 
officer. % 

• # 

But the greatest weapon of all'was surprise. The V > 
Japanese did not realize their code, had been broken. As a 
result, Yamamoto created an elaborate battle plan, x 
dividing his Fleet into four main forces subdivided into 10 
subgroups and stretched out from the Aleutian Islands to 
Midway*. The Northern Area Fleet hit the Aleutian Islands on 
5,4,6,7 June 1942. This attack was mainly diversionary 
but, of course, failed to divert Americah attention away 
kf^om Midway. Japan's Midway occupation force (Second Fleet) 
ran into trduble under attack from an American submarine. 
In the. process of dodging torpedoes the cruisers Mogami and 
Mikuma collided on 4 June. On 6 June, the injured Mikuma 
wassunkbySpruance. - ^ # 

The third force was the battleships 1 main body. Most 
important was the final force, the striking force, the First 
Air Fleet. ' - 

The Fi/rst Air Fleet (Admiral Nagumo's striking, force) 
was the -et5mb'ined Fleet's strongest arm. It was the main 
strike force on Midway. It was built around four carriers; 
the-Akagi, Kaga, Hiryu and Soryu.- Jhey approached Midway 
under a heavy cloud cover. Nagumo's force was attacked 
eight different times by American tcfrpedo planes, bombers 
and submarines. All the torpedoes missed. Nagumo was not 
hit once. At this time the American torpedoes were 
inaccurate. , 

But Nagumo. ! s luck failed/ He had already launched -108 
planes on Midway. He was prepared, on their return., to 
rearm them with' bombs and'sen.d them off again for a second 
raid. While waitifig, he got word of the American carrier 
task force that should not have been there "-- but was. He 
decided. to get planer ready with torpedoes to Nit the 
carriers. He also decided "to let >his returning planes land 
before launching the torpedo planes. The bombs all prepared 
for the -second' Midway attack were stored on deck. As Nagumo 
was turning his carriers into the ^ind* ready - to launch his 
torpedo planes against th'e Amerioan carriers, American 
planes from the Enterprise and 'Yorktown came in. Spruance 
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had figured out that Nagumo might change his tactic.s so 
Spruance launched his owr> attack planes. The planes were 
high altitude dive bombers. Ameritan bombs hit the Soryu, 
Kaga, and Akagi. The bombs on the decks exploded and the 
ships burned up with most. of their *plapes still on the 
decks. 

One carrier, the Hiryu, escaped and sent up her own 
dive bombeT"s which found ana hit the YorktSwn. Fletcher had 
to abandon the ship and turn command jof the fleet over to 
Admiral Spruance. The Yorktown's search planes, however, 
found the Hiryu and reported he'r position. At Spruance's 
orders, Enterprise dive bombers quickly destroyecj the Hiryu. 
As a result, Admiral Yamamoto realized he was-now without 
any. carriers to protect his maj^n warships. / 

\ 

The Battle of Midway was a gigantic Japanese defeat and 
was the turning point in the Pacific War. The Japanese lost 
(1) their four giant carriers, (2) a large cruiser (figure 
1-15), and, perhaps more importantly, (3) their main body of 
ace pilots. Without superior pilots, the Japanese air 
efforts in the Pacific would suffer terribly. As American 
training programs for pilots would grow stronger later on in 
the war, Japanese programs w^ld grow weaker. 

Only one small part of the Japanese plan had succeeded; 
the Northern Area' Fleet had taken the islands of Kiska and 
Attu in the Aleutians. As a result of the Midway defeat,* 
the Japanese cancelled plans to* conquer new positions in th« 
Pacific. The tiny atoll group was, indeed, properly named, 
for the content marked a dividing line in strategy, if not 
in time. 
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MULTIPLE CHOICE QUESTIONS : * ' * , ' 

1. After Pearl Harbor the Japanese: . < 

moved north to, the Aleutian Islands. * 
tried to # negotiate a peace treaty with Britain.- 
launched major attacks throughout the South Pacific. 

2. At Midway ther . 

t 

a. American and Japanese Fleets were evenly matched, \ 

b. Japanese Fleet was far larger than the American. 

c. American FleeKwas far. larger than the Japanese. . - 

3. The Japanese Defense Line .was a: 

* a. series of protective air bases established on the island- of Honshu. 

b. long defensive chain of island bases in the Pacific, used mainly 
Jtpj>rotect Japan 1 s_conquest of the Dutch East Indies^ _ ^ 

c. complex of three' fortresses eslaBTishedracro'ss^Borneo/ " # - - 

4. The Battle of the Coral Sea was: 4 N . 

a. * mainly conducted by battleships. 

b. mainly conducted by aircraft. 

cu a Japanese victory because they sank two major American carriers, 
the Yorktown and the Enterprise. 

5. Doolittle's raid on Japan was: 

.a. an Army Air Cor*ps operation, 
b. a NavSl operation. / . 

zr a combined Arm# Air Copland Naval operation. 

6. To prepare for Midway, Admiral Yamamoto maintained the combined Japanese 
Fleet in: « 41 . 

-% * 

a. onp force. 

b. .two forces.* * 

c. four forces. . f 

7. The major arm of the Japanese Fleet at Midway was the: 
a. Northern Area Fleet.' 

b\ Midway occupation force. ' 
c. First Air Flee£. 

8. At Midway, tlte Japanese v 

\ 

a. retained thejr^carri^r and air superiority., 

b. lost' two cruisers but maintained ^air superiority, 

c. lost their main body of-tighter pilots. 




TRUE OR FALSE QUESTIONS : 
1. The Ja&anese attack orWf^leutian Islands was successful 



2. ^ Java was a major Japanese objective because it was a strong 
^^■Mitary base. 

3. Rangoon, in the Indian Ocean, was part of 'the Japanese 
Defense Line^-^ 

4. Midway was the one*weak link in the Japanese Defease Line. 

5. Doolittle's air strike on Japan-caused major physical 
damageH*o its cities. 




Admiral Nimitz was prepared for the Japanese assault tn 
the Coral Sea because the Japanese secret code had been 
broken. 

7. American torpedo attacks onltagumo's Striking Force at 
Midway were very successful. 

8. Admiral Karl Doorman was successful in defending Java.. 

9. Admiral Nagumo's striking fdrce was built around four 
battleships: Akagi , Kaga, Hiryu,' and Soryu. 

10. After Pearl Harbor, Admiral Nimitz ordered an all out 
attack on Jaoanese bases. in the Pacific. 



„ * * 
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VOCABULARY SKILLS : 

Using the following vocabulary words, complete the sentences below. 
There is only one correct, appropriate word for each blank space. 

)o ' 

objective: g^al or aim.^^ , * 1 

initiate: to b^gin; to start going. ~ , 

compromise: to .agree to make concessions. 

accurate: free from error. * * 

boast: brag. \ * 

elaborate: complicated by details, * 

diversion:, an'attack or pretended attack that draws the attention and force 
of an enemy from the point of the main operation. 

1. The Japanese was to establish a powerful lin& of defensive 

bases. ] 

2. It was from the Kurile Islands fefcat Japan ■=-» d their attack on 
Pearl Harbor, 

< > 

3. The Japanese believed the Unifed States would in order to 

secure a quick peace'. 

4. American intelligence had information about Japanese battl 

plans. 

5. After Colonel Doolittl^s raid on Japan's mainland, tfte Japanese could 
never again _^ tfik^ "Japan could never be attacked." 

t 6. Yamamoto's battle plan to attack Midway was . 

7. The Northern Area Fleet was Japan's ary force in the attack 

on Midway Island. / ; j 
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LOCATIONS IN THE PACIFIC: 



•From the following list supply the correct place, next to its appropriate 
description: * ' 

Mi dway , 
) * 
atterftpt to cut off 
sea lanes to Australia 

Corregidor 




1. Battle of the Coral Sea. 

2. located on New Britain, part of the Japanese chain of bases. 

3. * turning point in the Battle of the Pacific. > 

4. an island in the Aleutians. . 

5. . \ar(je island rich jn oil, captured by the Japanese. 

6. after Doolittla's raid, one of the important targets the Japanese 
decided^to destroy! in order to break allied, forces in the Pacific once 
and for^al^. \ * > A • ■ , 

7. heavily fortified island <near the Bataan Peninsula wbere all ied droops 
made their last stand in the -Philippines near the beginning of th§ war. 

■ i 
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IN THE PACIFIC AFTER MIDWAY: ON THE OFFENSIVE 



** After Midway, Americans realized the Japanese could 
be defeated in the Pacific* **' 

Midwa^marked the turning point in the Pacific War* 
The giant Japanese Navy had been defeated by Americans 
combining the use of intelligence information with the will 
to fight. & 



SOLOMON' ISLANDS OPERATIONS 

** After Midway, Guadalcanal in'the Solomon Islands 
became the next major battle between * the Japanese and tne 
Allies in the Pacific. ** , ^ 

— After Midway r the~" American command felt the,y~we-f-e in a 
good "position* to take the offensive against the off-balance' 
Japanese', perhaps for the first time. The,y decided the best 
place to attack would be in the Solomon Islands in order, to 
break the Japanese perimeter closest to Australia. 

The Japanese at tne same time 'recognized a threat to 
their extended position and realized that their advance in 
the Pacific could be stopped. The;y decided tjo strengthen 
fttteir advance positions (i.e., the positions in the Pacific 
fartnest away from Japan and closest to the coast of 
Australia). These were the Solomon Islands. 

And so the Solomon Islands became the site of tne next 
major* American- Japanese Pacific oefhfyfct. The Japanese 
began to build an air field on Guadalcanal Island. The/ 
planned -to use the field to protect their troops? as. they 
completed tneir conquest of New Guinea. An American 
reconnaissance pl-ane saw this and th»e American command , . 
.realized that if the Japanese completed the field aftd ^ 
positioned bombers * there', the Solomons would be 
exceptionally difficult to secure. So Guadalcanal Island 
became the primary objective in the struggle for the 
Solomons. • • ■ 

The Marines landed on Guadalcanal 7 Aug. They also 
landed^at nearby Tulagi. Japanese forces on Guadalcanal r 
were*weak and composed mainly of- const rue tion workers-w4io 
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fled 'into the jungle. By night , of t'he first day, two Marine, 
regiments with support units were ashore. The situation was 
different at Tulagi because the Japanese forces were . 
stronger and were dug in. Yet on the second day 6,000 
American Marines wiped out the Japanese resistance there. 

The Japanese sent attack' pi anes from their nearby base 
at Rabaul. These planes were repel led by the American 
carriers Saratoga, Wasp and Enterprise. But after- the hard 
battle, the carriers withdrew because of fighter plane 
losses and because t^ey needed to refuel. 

Meanwhil e , Vtoe Japanese were sending majW body of 
cruisers to the area -to attack the Americans 1 amphibious 
ships. -These cruisers were coming down lv the slo,t-> >! \a sea 
passage down the middle of the Solomons from Rabaul (see^ma0 % 
of the Pacific (figure 1-16)). THe Japanese cruisers; under 
the command of Vice Admiral Gunichi Mikawa, surprised the 
American and Australian surface force off Savo Island in the 
Solomons. 

These battles of Savo* Island resulted in tne worst* 
defeat tne U.S. Navy has ever suffered; 3 American and'! 
Australian cruiser wene sunk, another American cruisex'and 2 
destroyers were badly (damaged , and 1,202 Marines, 550 
soldiers and over 1,0(70 Alli&d sailors were killed. 

* . With th'e carriers away and the amphibious forces nearly 
destroyed, 20,000 American Marines were left on Guadalcanal 
witb limited supplies and Limited support. It was very 
lucky that the Japanese ground foroes were weak "here. 
Because of tlris weakness, the Marines were able tx> capture 
the airstrip, latef named Henderson Field, and set up a ' 
defense line. The Seabees finVshed the air field by August 
so planes were able to bring in supplies. 



'BATTLE FOR GUADALCANAL " 

** The Battle for Guadalcanal lasted over six months 
with the Japanese continually reinforcing tjtieir 1 troops . 
Bo th ^sides" suffered heavy losses but^Sy the end of tne 
battle the Japanese had lost over 600 planes, and their 
irreplaceable, experienced crews, thousands of troops and 
ma'ny major ships.* After Guadalcanal the' U.S. Navy was no 
longer on the. defensive. ** 
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Figure 1-16, The Allied Advance in the Pacific After Pearl Harbor 

i 



I 

« * 

The Japanese were amazed that the Americans had 
completed Henderson Field. They felt they could not stand 
by and let the Americans have a working airfield on^ 
Guadalcanal. So the Japanese began pouring troops into the 
area. They brought thousands of troops at night aboard fast 
transports and destroyers. They protected these with 
carriers, and heavily bombarded the Marine positions from 
the sea. The Americans even nicknamed this troop movement. 
They called 'it the, "Tokyo Express . 11 By 15 Oct., despite 
great losses inflicted by the U.S. Navy on the Japanese 
transports, 22,000 Japanese troops were ashore. 

As the Japanese continued this massive effort to land 
troops, the Am-erican Navy continued their efforts to stop 
the Express. The naval battles werefiexce, with the 
Japanese Combined Fleet inflicting heavy. losses (figure 
1-17). But the*ftarines on Guadalcanal held on, killing 10 
enemy for 'every American* deaj;n . 

On 24 Oct. a major lo^s occurred when the U.S. Navy, 
during the Battle of the^anta Cruz Islangs, lost the # 
carrier Hornet. In ^TEmtion, the carrier Enterprise was 
oadly damaged. The significance of this loss was that it 
left no operational U.S. carriers in the Pacific. However, - 
the Japanese also suffered severe damage. 

The naval oattle of Guadalcanal was now about to oegin. 
The oattle took* place in three phases; 12-13 Nov., 13-14 
Nov., and 14-15 Nov'. " But the mosi important event took 
place an 12 Nov. The Japanese wjerV coming down the slot, 
bringing il,*000 troops aooard 11 transports. 

4 

Tnis fleet was protected by destroyers, "cruisers and ■ 
two battle snips. On tne night of 12 Nov., American and 
Jaoanese cruisers met and battled. Both suffered^ heavy ^ 
"losses. But the Japanese loss was heaviest. Besides their 
battleships', the Japanese lost 9,00'0 troops! Perhaps as 
important, during tne ensuing battles, tne -Japanese were 
losing most of their carrier fotce. The Japanese haa put 
almost all tneir oest pilots on the carriers for this 
effort. They had 'also put on th.eir best fighter * 
instructors. fflmo^t all w,ere killed oy the time tne oattle 
for Guadalcanal was over. Strategically, the Japanese rraa 
failed in their plan-to' recapture Guadalcanal. But mucn 
na'rd fighting was yet to take place before either side could 
clai.m a decisive victory. 
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On snore, the Marines continued to fight. The Japanese 
were driven into the jungle. From 1-7 Feb., the Japanese 
skillfully managed to evacuate 13,000 troops. 



NEW GUINEA 

** The Battle for New Guinea was mainly a land war. ** 

At about the same time Americans were fighting for 
Guadalcanal, the Allies were fighting a land war to win New 
Guinea. Neither side used major naval forces in the action 
because "they feared* the uncharted waters , the -number of . 
enemy air fields held by the other side, and tl>e heavy Navy 
involvement near Guadalcanal. As a result, Jfae land 
casualties were very high (almost twice those at 
Guadalcanal), and the f ighting x ;was slow. Led by General 
Douglas MacArthur, it^took the Allies from April to August 
1944, with continual i einf oroement from Australia., to 
eventually overcome the Japanese and win Papua and all of 
Nerf Guinea to the pest of Rabaul. - The ne^t step was to win 
Rabaul , Japan's major base in the Southwest Pacific. 



THE 'STRATEGY OF 19<43r CONTINUOUS PRESSURE 

** The Allies met in 19,4 3. to construct an overall plan 
for the defeat of tne Japanese, in the Paci f ic . : ** 

After the victories at Guadalcanal *and N£w Guinea, the 
Allied leaders decided .to allocate moce military resources 
to the Pacific. T<hey wantfed 'to keep on the offensive. 
Because British and Chinese forces w.ere unavailable, the 
defeat of • the Japanese fell* upon the shoulders of the United 
States forces assisted by'AuStralia and New Zealand when 
possible^. They decided on a, plan t£ey thought would finally 
defeat the Japanese in the Pacific. It-rtad four main piartS,: 

'1. eliminate the Japanese outposts in the Aleutian 
. Islands. ' . 



add more^submarine attacks on 1 Japanese lines of 
communication from the Indies'. - 
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3. isolate Rabaul- using M^cArthur's forces'and 'the 
South Pacific Naval forces and after the 
isolation* jnove westward along the northern, 
coast of New Guinea*. 

4. use the Central Pacific naval forces under Nimitz 
to attack and capture the Japanese bases in * 
Micrdtb^sia (to the West 4 ). 



. RECONQUEST OF ATTU AND KISKA 

1 ** By <15 Aug. 1943/ the Americans had recaptured Attu . 
and'Ki^ka Islands in tjjH^Aleu tians . ** 

Th^> Japanese held Attu and Kiska'in the freezing -cold 
Aleutians. On 11 May the Allies attacked Attu. After two 
week;s of fighting, almost all the Japanese had been* killed . 
But many Allies died too. Others suffered from frad 
frostbite because of poor xlothing and footwear. /Taking 
Attu was costly* 

The' Allies were more careful in preparing to attack 
Kiska. Training was better; clothing was better; advanced 
bombing took six weeks. 'A strangS thing Jiappe/ied. During 
the fourth week of the bombing*, Japanese 0 * cruisers and 
destroyers slipped' in and evacuated the troops under the 
cover of fog^ For three weeks the bombing had hit empty 
frarracks. Bgt by August, regardless of the. clever Japanese 
escape, the Americans once again controlled the Aleutians. 



* L ^ SUBMARINE OPERATIONS IN TH^ PACIFIC ' , 

** Tlra American- submarine was^the most effective weapon 
that the United States had in th^^Pacific. ** % ' \ 

The submarine was the most effective weapon that the ^ 
United. States had in the Pacific. American submarines 
stopped the Japanese sf^pS from returning to Japan. These 
ships were- loaded down with the raw materials (rubber and 
oil.) from the Indies that Japan ne«eded to carry on the'.war. 
Dependent upon imports during peacetime, Japan was doubly so 
when dedicated. to a war of conquest. Therewere many 
reasons why -the submarines were ( so successful. One of <the 



most -important vris thejLr crews. All were volunteers. All. 
were carefully" trained . And all were deeply dedicated. In 
the "Silent Service", one out of seven submajiners* died . , 
Personnel strength of the submarine operating 'forces 
averaged 14,7-50 officers and men. Fatalities during th^ war 
totaled 3,131 enlisted me^ and 374 officers. * 

4 

s In their attack ,pn Pearl Harbor, although the Japanese 
were aware o'f ou,r submarine base in Hawaii, they failed to 
damage the submarines, their supplies or" f acil ities. On 
that day fche submarines of the Pacific Fleet were widely 
dispersed: tip e fleet consisted of 22 submarines, 16 modern 
V-boats "and % 6 S-boats of older vintage, under the command of 
'Rear Admiral Thomas Withers.' Five subs in various stages of 
overhaul" were at the base when the Japanese attacked and by. 
that evenirftj several of the subs were fuelled a,nd ready to 
go. The Japanese would soon regret that they had designated 
the submarine base and its facilities minor targets. > * 

It is difficult to understand how the Japanese 

underestimated the uflfaersea power of the United States. T4ie 

German U-boat blockade of LfTgland in WW I had brought 

England to the brink of defeat. Again in WW. II the Nazi 

Admiral Doenitz all but sank the Unite.d Kingdom. The 

similarity of England and Japan, both islands, should have 

been'hard.to overlook. Both Japan and Gefmany 

underestimated * the* industrial capacity of the United States. 

At the end of the war, the U. S. had 127 more Submarines 

than in 1941, despite Che loss of 5£ operating submarines 

during the war. 
.* 

After Pearl Harbor, when the Japanese subs did ^o 
poorly, the JapaneVe. just did not value the subs. On that 
fateful * morning , a Japanese midget sub'was-ttie first 
casualty. So they did not;v train men in anti-submarine 
warfare. Also thei«r escort system was weakL In addition, 
it was easier for the American -submarines to sink Japanese . 
shipping in the Pacific than the Atl ant ic . The Pacific 'i^ a 
large ocean but* it* is not an open ocean like tbe Atlantic: 
^where convoys can follow k any nJmber, of routes. Instead, the 
western Pacific i? filled with islands amj the possible 
supply routes are in 'narrow straits 'between these islands. 
The. routes from the supply islands of Borneo,* Sumatra and 
Java to Japatf are -of ten. throughAiavqw straits. Also, these 
routes afe further restricted by reefs and shoals. These 
same rejefs .and shoal's provided American submarines good 
places to hide. f Lying in wait, the submarine crews could be 
sure that eventually the enemy meTchant ship3* would pass 
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By 1943 Amerioan scientists had learned to design (1) 
better, more accurate torpedoes and (2) submarines that were 
suited to action in the Pacific. The subs 'were* larger 
(almost twice 'the size of the German U-boats used in the 
Atlantic) and able to carry more torpedoes and.more fuel. 
This enabled them to stay- out Longer on patrols. They were 
capable of cruising "for. 75 days' and eould cover 10,000 or 
more. miles at normal speeds without refueling. They ran on 
the surface-as much as possible in-order to charge the 
batteries they needed for power when submerged. The older, 
S-class submarines, nicknamed tf pig boats 11 because of their 
crowded, {Jirty • 1 iviYig conditions, sefrv^d the U, ^. well 
throughout the war. * ' \ ^ 

' Three "warships in the United, States Navy'were twice 
awarcted the- Presidential Unit Citation . Twn % off the honored* 
three were submarines: 1 Guard^fish, (Commanders jT . B. * s 
Klakring'and N . G. Ward) and Tang (Commander R. H. O'Kane). 
At the time the Tang went dotfn,\,she had sunk 24>Japanese 
ships and made 22 rescues. Only one other submarine, 
Tautog, would sink more stiips, and only one, other (submarine./ 
Tigrone, would top her rescue .score. Tang was sunk by her 
own torpedo 24 0ctVl944, which malfunctioning, circled back 
to hit herv. Tautog was one of those submarines in port w.hen 
the Japanese attacked Pearl Harbor and survived the war 
having sunk* 26 enemy ships. 

As American submarines increased theiT attacks on \ 
^Japanese merchants, the Japanese manufacturers * became les/s 
able to, continue their shipbuilding program." The raw 
materials were not getting h^me. They also grew less 
capable of producing needed weapons and were running short 
of precious fuel . 

American suomarines destroyed over 1 ,000 ,000 tons'in 
Japanese merchant ships. They destroyed an additional 
.5^0,000 tons of Japanese naval ship^s (figure 1-18). 
Alt-hough the submarine force • consisted of less than 2% of 
the Armed Forces, submarines sank about 55% of all Japanese 
shipping during the wax. years. The American submarine can 
truly be called the weapon that won - th-e'war for the United 
States in the Pacific. , 

1 ■ RINGS AROUND RABAUL 

** By March 1944, the Allies had surrounded the giant 
Japanese base of Rabaul. ** . _ s v 
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In June 1943 Admiral Yaraamoto, probably the most able 
of the Japanese naval command, was on his way to visit 
Japanese bas^s in the_Solomon Islands. The Japanese had 
suffered severe losses in battles against' American ships 
there ancj, Yamamoto was making his visit to inspect bases and 
to boost troop morale. The Americans broke a code message _ 
ordering the Japanese* bases to make themselves ready 4ftr an, 
important visif, guessed correctly that thg vislfe could only 
be a high-ranking* of ficer , and sent up long-rankje fight^l 1 
from Henderson Field. They intercepted Yamamoto's plane and 
shot it down. „ Yamamoto had hoped to caise the spirits of ^ 
his troops by visiting them. -Instead, his cle'ath was a 
"severe Joss to ''Japan's Navy during its 20 month, attempt to 
defend the giant case of Rabaul. The Allies pushed toward 
Rabaul orf two fronts; thTough ^the Solomons. 'and on New 
Guinea . w . ^ ■ \ / 

* • 

In the attempt to take-Rabpul, the U.S. F*leet fought 
over 15 Tnajor. naval battles and made'17 invasions in-the* 

'Solomons and Southwest Pacific. The battles were so fierce 
they were named the Melane-sian Nightmare. The Japanese 
fought fiercely. Their airpower hit our ships again, and 

"again. But while they did this they suffered heavy losse^, 
During these battles, the Japanese Tost over 2,500 naval 
aircraft. Most of these came from aircraft carriers. - 

These, fierce battles took place at the same time 
General. MacArthur' s forces were closing in on eastern New 
Guioea. The Japanese had trouble fighting in so m^ny places 
at the same time especially when they were losing So many t 
ships , * planes', and men. 1 They lost* most of 'their cruisers, 
more than half their flight* crews, and two*thirds N of the^r, 
* planes. They wer£ crippled. " . • 

In March 1944, American forces landed at Emirau 'Island . 
This is'northwest of Rabaul. MacArthur 1 s army at the same: 
time won the Manus Island. This is the main # island in the 
Admiralty group. Rabaul was surrounded. The Japanese there 
were cut off and surrounded. The Americans simpl y 'moved / * 
past . - m s 4 

- THE CENTRAL, PACIFIC * < 

** The U.S. Fifth Fleet began 'its move to recapture the 
Philippines by attacking Tarawa and Makln Atoll in the 
Gilbert Islands. ** * * . . 
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At the same time Rabaul wa^ being isolated, the U.S. 
fifth Fleet began its move to* retake the Phil ippines 'across 
the line of Japanese bases in Micronesia. The Fifth Fleet 
was to^join MacArthur f s forces in a combined effort to 
reconquer the Philippines. 

i 

The Fifth Fleet was rebuilt and Acffniral Spruance was in 
command. They had two go^Ls: 

1. fight and destroy the Japanese naval forces, 
* wherever met. 

2. support amphibious forces t-rying to take Japanes'e 
island bases . • ♦ 



The Japanese base at Tarawa in the Gilbert Inlands was 
Very heavily fortified.' The" Japanese h~ad also strengthened 
Makin Atoll. Tarawa and Makin Atoll were the. first targets. 

t 

It took three days to win Makin. Costs in men -and 
ships were high. But taking Tarawa was much harder. One 
America-n out of six became a casualty. 

The invasion started with a week of air bombing. Two 
days before the invasion, American battleships and cruisers 
moved in and shelled the beach. They -fired 3,000 tons of 
shells in two and one half hours. Shore defenses should 
have been destdbyed, but they were not. The Japanese 
garrison of 4,^00 veterans were well fortified by hundreds 
of connected pillboxes made of concrete and coral worK, 
reinforced with ste$l beams and coconut logs. The^r 
artillery included 8-ineh guns stripped fnom Britain's 
Singapore forces. Tokyo had boasted that Tarawa could not 
be taken by assault. * 

The Japanese defenses survived and "were, ready when the 
Marines came in. The ianding crafts carrying the Marines 
ran aground on the reef and the Marines had to wade ashore 
for almost 1/3 of a mile.. They were under heavy fire all 
the way. The Marines greatly 'outnumbered the Japanese, but 
the Japanese were well trained, entrenched and determined. 
It took the Marines three days to win the island. m 
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The lessons learned at Tarawa v^ere costly, but. the 
lessons were learned. After Tarawa', softening-up bombing 
for amphibious operations lasted* for days.' ^Covering gunfire 
and aircover were more carefully controlled:^ ^The- conditions 
for landing were^more carefuHy studied^ -And armored 
amphibious tractors which could •climb over reWs were used. 



" THE MARSHALL- ISLANOS OPERATIONS 

r ■.** The ne'xt' step in'the advance toward the. Bhil ippines 
was the; Marshall Is laads ..'*.* * 

The next step in the advance was the Marshall Islands. 4 
The Japanes-e^ had five strong bases in^the eastern islands of 
the ch'aio.' Admiral Nimitz decided to "bomb the four outer ^ 
island bases and then pass them all, with" a main amphibious 
assault on Kwajalein. Kwajalein was at the center of the m 
Marshall s. Nimitz thought that the planes from the , % 
newly-capture*d field 'at Tarawa* could kWp the remaining ■ 
airpowe-r on the other Japanese bases .pinned down until 
Kwajalein was taken. Then Kwajalein would set as a 4 
stronghold for othej American operations. 

In Jan. 1944 the attack on the Marshall Islands began. 
Almost all of the Japanese planes on # the Japanese bases were 
destroyed. * • 



On 1 Fet). the Marines landed on Roi *and Naraur Islands 
on the northern perimeter of Kwajalein Atoll and the. Army 
landed on'Kwajalein Island^ on the south. The American 
forces captuTed^ Kwajalein in four days. 

( 

v Acftoiral Nimitz at once rrroved to attack En'iwetok, the 
largest Japanese base rn the western Marshalls. It was 
taken in three day's. The Allies were now closer to Truk. 
The Japanese had* herd Truk since World v War I. Ft was a 
mysterious place. No western man-^ad v visited it in a 
generation. *Tjie Japanese <clai«med it -was so strong it could 
not teg taken. Eniw,etok is only 669 miles from Truk. On 17 
and 18 Feb* Spruance's task force swarmed abound Truk*. Thfe 
Americans attacked. N Fi,rst they used fighters. Then they 
uSed borfbers "(figure 1-19) and torpedo planes. .They flew >30 
•strides .in all. • Spruance put a ring of* submarines and 
-battleshipss'arqund the Atoll- to catch any ships trying to 
escape ^ M " , 

When the assault on Truk began, the Japanese had 365 
planes. Less than 1-00 could fly at the end of the battle. 
Thirt y-.niner Japanese^ ships ^ere stink. 
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Length: 74.9 feet 
Wings pan:, 103.9 feet"" 

Scafe: 1/8"*= 1 foot 



Figure' 1-19. Boeing B-17G Flying Fortress 
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Most important, the Japanese superfortress of^truk\was 
destroyed and so^was Japanese pride and morale. In theVie^/t 
few weeks almost all the Marshall.-s were secured . 

* t 

* LEAPFROG ON NEW GUINEA * 

MacArthur's forces carried by units of "Task Force 5& 
continued , to leapfrog along the northern New Guinea coast as 

' the second prong of the general' movement back to *the 
Philippine^, He would attack and win one important position 

.and then move his forjces four or five hundred milesvup the * 
coast to the? next important position. His "first major * . 
landing was at Hollandia.' This landing's major goal was to 
win ene.my airfields. Five hundred enemy planes were 
destroyed at Hollandia. The* Jap'ane^e troops were driven 
into the jungle where they diBd, 

f 

The Japan^s€ got ready for an aTl-out defense against 
^MacArthur's advance. They thought that his was the one and 
only attack in an* advance on the Philippines. As MacArthur 
gpf closer to.Bdak, an .island farther up the coast of New 
Guinea, whi<?h had three major Japanese airfields, the 
Japanese prepared by sending almost all of their air # 
strength to New Guinea. They also tried three times ^to send 
reinforcements by. sea. The third try was to be supported by 
the best 'ships ,in tKeir Navy. 

On 11 June just as the Japanese gd*t ready^ to sail to 
Biak, the U.S., Fifth Fleet, 1,000 miles to * the' nor theast , 
attacked in the Marianas. The Japanese had been tricked. 
The Phil ippines -were being attacked from another direction 
and as a result of this surprise the Japanese cancelled thf£ 
Biak defense angj^sent reinforcements northea*st of the 
Philippines. Unopposed*, MacArthur took New Guinea by July. 



THE MARIANAS OPERATION: SAIPAN 

** The. amphibious invasion of Saipan in the Marianas 
occurred in June.l9M at the same time as the Normandy - 
Invasion. 'It was almost as complicated. Together these 
invasions were two of the greatest military efforts in 
history. ** 
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While^the invasion of Normandy went on in Europe, the 
United , States was getting ready to launch anothe r ' huge* * " ^ 
amphibious assault on Sjjipan, in the Central Pacific (figure* 
1-20). In June 1944 U.S. forces composed. of the 2nd and 4th 
Marine Divisions, supported by the 27th Army Division 
launched the assault. 535 N<avy ship§; including fast 
carriers, transported and pr-otected tne "1 27 , 000 troops 
against the entire Japanese Fleet., The U.S. .forces had now 
moved 3!, 000 miles across the Pacific since Pearl Haroor.^ 

- < Army planes. from the newly won bases in the Marsh>£lrls 
and ^Javy carrier planes f.rom Task" Force 58 P)it Japan^se^ 
bases in the Marianas and the Carolines. As the invasion 
^forces prepared to take Sai'pan, the U.S. oatt v lesnips oegan 
to bombard the island. They shell ed the island for almost 3 
days*(13-15 June 3 ) . .-On 15 June the two Marine Divisions" 
moved through holes opened in the coral reef by underwater 
demolition teams. ■ 

Saipan was^ rocky island" fil led with caves. Tne 

Japanese had fiLt.ed these 'Caves with "32,000 troops. They 

also had fortified with tank's' and artillery. Against theseC 

forces the United States brought 20,000 Marines the very 

cfirst day. By 17 June tne Marines had Xanded 

reinforcement'^. After very heavy losses, "the Marines 

captured the island'.s main airfield. , 

* 

The .following month, the Stars and Striped returned to 
G.ua^. In a ten-day sweep ceqinning 21 July, Guam was , 
retaken by the 3rd Marine and 77th Army Divisions, and* the 
1st Marine 'Brigade . The landing fprce^ crushed the last 
organized resistance. on the island in the face of heavy 
rains, transportation problems, water shor'^ages, he^t, ana 
occasionally heavy resistance. Mor-e than A 1t$00 Americans 
died in the effort. The Japanese lost lu, 000 men ana 
several hundred more who committed suicide rather than 
surrender. Gua^n was secured by 10 Aug". 

Tinian, sister island to -Saipan in the Marianas, w^s 
invaded 24 July oy the 2nd ana 4th Marine Divisions and 
secured cry 1 Atfg after heavy resistance. Tinian f s 
relatively flat~ terrain offered exceptional air case, sites. 
In T'inian's hefviest figtiting, two-*2nd Marine Division 
regiments survived a series of, desperate oanzai attacks. 

About the same.. time the Japanese Combined Fleet arrived 
undeir the command of Aamiral Ozawa.- Admiral Mitscher sailea 
out to put his forces between Ozawa fc and the Allied troops 
wno were 'already on S*aipan . 



THE BATTLE OF THE PHILIPPINE SEA 



** 



'•During the Battle of they Phil ippine Sea, U.S. forces 
broke the back of the Japanese Naval Air Force. After the 
battle, the Japanese realized they would eventuality have to 
surrender. ** * . - 

Task Force 54- under the command of' Admiral Mitscher me> 
Ozawa's Fleet on 18 June. Mitscher.'j F'le.el was large and ye 
was determined to fulfill his prima'ry orders; "capture, 
occupy and defend Saipan, Tinian, and Guam." Ozawa's Fleet 
was smaller, his carrier aircraft were outnumbered, but he . 
too was determined to win this battle and reestablish 
Japanese superiority in the Pacific; Oza.wa knew his Fleet 
was smaller, but -he thought the idds would be evened by'air 
suppert -coming from the Empire, through the Bonins to the 
north. He also depended on air support from the Marianas', 
bases. Ozawa did not know *that the aircraft he" waited for , 
had been destroyed, nor that many Of his fighter piloU had 
returned from the'B*rak operation w)ith malaria. Finally, he 
did not realize that^iis Fleet was being followed by 
American submarines. * 

. And so, expecting support, Ozawa moved against Task 
Force 58. Spruance and Mitscher ordered 450 planes into the 
ait.- .After eight" hou*s of air battle, 330 Japanese planes 
had been shdt down" by superior American planes and 
battleships. History called this battle *th'e ,Ma rianas Turkey 
Shoot. 

In the water th.e American ^submarines closed in. The 
new Taiho, Ozawa '! .flagship and*largest carrier in the" 
world, was torpedoed just as she was getting ready to refuel 
her planes, r^Jfie t>hew up. Shokaku, veteran of Pearl Harbor, 
was also torpedoed. ' She tipped over. Ozawa managed to ; 
escape Oby transferring to the carrier Zu'ikaku: 

O-zawa withdrew to -refuel. EveTi though .his ldss"es'were 
great" he planned to return and v fight because he believed 
faulty information that said Task For£e'58 had been badly 
crippled. -Mitscher launched his.planes with instructions to 
hunt down and destroy Oz.awa's remaining ships. Mitscher 
knewthat this was 'dangerous because his planes had to go . 
farther than normal and mig/t no.t be able to get back. When 
an American scout plane finally found Ozawa's shipS^late 
the riexrday, his' Fleet was' 60 miles farther away than 
Mitscher had '•thought! Mitscher t,old his planes to attack 
anyhow. They did apd in the action destroyed what remained 



102 

Mr 



407 



of -the Japanese naval air power. - Meanwhile, Mitscher 
steamed towa.rd the Japanese Fleet in orjde'r to cut.. down the 
distance of his pilots-' return flights. . ' / , 

* When the American^planes finally .returned it w^s night. v 
Ttiey were almost out^fVuel. The. sea was dark. y Then • 
.Admiral 'Mi tscher took, a dangerous chance. He ordered all * 

the lights on the carriers* turrfed on. He t knew th^r prowl ing 
Japanese submarine's 7 w^re around, ^ut'he wanted tp sav^B his" 
fliers. Some eighty planes either ditched or crash-landed, 
but as'Mitscher moved west his destroyers^ cruised the area, • 
picking up over sixty- fliers^ floating in the water. Of 'the - 
216 *\meripan aviators who had fogght that day, 49 were lost. , 
Mitschrer '^c;ok a calculated risk to save those American ^ 
"aviators he "comrrfanded . 

Without .Japanese air power and'without the strength of 
the Japanese mobile force*, the Marianas wens? more easily 
taken. By 10 Aug., Sarpan. Tinian and Guam were secure. . 

The Battle of the Philippine Sea parked the 'beginning # 

of *he end for Japar> for the following reasons: ' , 

° "t 
* w . 

1. she no longer had & direct route from her home 
islands to the Carolines.' t # • 

T 2. the U.S., now had important bases in the ^ 
- ^ . continuing push back'toward the Philippines. 

* 3. the U.S. now had 'advance submarine bases .for 
N attacks on 'Japanese* sea , and communication lanes 
'to the Indie^. ' - 

4. the" U.S. now- hacj much closer air jDases Vrom whic1 YV 

* * the new long range' B-29 bomber bould attack the 

" main* ij^JLands of Japan* 



' Hirohito, Empejlr of Japan, and his ^ acWisbr|^m^ 
known that* the -capture of the" Mayianas and naval ■ 
disaster of the Philippine Sea would spell the eventual^ ^ 
defeat of Japan." Jhe first outward evidence of collapse in 
the homeland was the resignation -of the'Tojo cabinet on T9 
July 1944. But the Japanese miiita'ry commitment was still*' 
so strong tl>at they refused to surrender for another* entire 
year.. . , 
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» .. J N THE* PACIFIC: THE LAST BATTLES 

.'(... 

RETURN TO ?WE PHILIPPINES 

^ V ■ - • • 

*T-he Marialnas were the /final, step in the* movement back . 
towards ther Phil ippirres. After the Marianas victorias, ■* * 
♦Admiral Halsey, in command of the U.S. Thijrd ( Fleet (formerly 
the Fifjh Fleet) joined wfth\\ Vice" Admiral Mitscher, in • 
command of Task Force 38 ^Fast Carrier Task. Force) , in 
attacking Jthe central Philippines (figure 1-21)^ The 
attacks vcere ^n amazing success and convinced the commanders 
th'at the central Philippines were now poorly defended. They 
drged that the sm^llefc, outlying targets of Paiaus- and fap, 
originally scheduled as early targets, be bypassed and that 
MacArthur be gi ve&Hhese invasion forces $o that he coul d 
launch an all-out invfasion of Leyte Island, a large island ■ 
'n the central Philippines, It was agreed,* The Joint ^ ^ 
Chiefs' direcj>6d Nimitz and MacArthur to combine, their forces 
for an invasion of Leyte but first they were to secure 
Mprotai and Peleliu Islands in the Palaus just southeast of 
the central Philippines. . $ 

9 * ^ M^jxjai was easy to* take, but Peleliu was very hard, 
mainl.y • beca'use tj?e Japanese developed a oew defense strategy 
hfere. Instead of trying to hold the beaten they withdrew and 
dug in farther back in the island. This was called "defense 
in depths" 

It was-dnly after fierce "fight ing and thousands of . 
casualties that Peleliu was" taken. In the meantime, Admiral 
Hals'ey was using his carriers to keep the Japanese^ piQned . 
down on their other bases in the Philippines. He wanted to 
make sure the Japanese op Peleliu could rto t get relief. 
During Halsey's operations he destroyed more than 200 
aircraft. By this time, he was sure that the central 
Philippines could be defeated. 

^ * « 

Also to prepare for the attack-ftffr Leyte, the Third 
Fleet attacked the islands of FormoSa'and Okinawa. From 
11-15 Oct., the Third Flee v t destroyed over 350 Japanese 
planes. r- 

THE BATTLES FOR LEYTE GULF 

** The Japjjnese realized thaULeyte Gulf was the last 
chance for the Japanese Imperial Navy-to stop the American 
advance in the Phil i[?pines ♦ As a result, they mustered all 
the remaining forces of their Navy but were defeated. ** 
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0-Day for i/eyte >/as 20 Pet. (figure 1-22). General 
MacArthur and Philippine .P/lTsident Sergio Osmena J.andeo * 
ashore jtist a .few hours! after the first troops landed^ The, 
Americans e-stabl ished .their toe*achh-ead, 

The .Japanese knew* that..,if the Philippines were lost, 
the Japanese Fleet wos£d be^totally ctit off from t-he Indies 
and .therefore from its* Crucial supply of fuel* if it stayeo 
iff the. North. The-Fl^ef w'ould also be cut off from Japan ' 
and therefore from its Supply of arms and ammunition if it 
* stayed, in th-e South*. Th^ Fle'fct would be cut v into -small 
pieces and ea'sily destroyed' if ttte Philippines fell. 
Admiral Toyoda knew that this was the j.ast chance. He knew 
tha£->th>e Japanese Fleet nad to destroy MacArthur' s 
"amphibious, armada in J-ey.te Gulf. 'In four days there were 
four major Naval battles*; the'Sattle of the Sibuyan Sea, the 
Battle of Surigao* Strait , the Battle pff» Cape Engano, and - 
the Battle off Samar. Mh.es e four battles involved tne 
entire Japanese Imperial Navy, composed of tfiree major ' 
forces; the Northern Carrier Force under the command of 
Admiral Ozawa,the Southern Farce (battleships and heavy 
cruisers) under the command of Admiral Nishimi^ra, ana the 
Central Force (battleships and cruisers) und^t-thre command 
of>-Admiral Kurita. ^ % t ^ 

As Kurita's Qentraf, Force maved towaro Leyte Gulf.it 
was severely disabled.' ^his force consisted of 5 
'battleships, including the 2 super-battleships, 12 cruisers 
and 14/destroyers. Firsts it was* struck by submarines off 
Palawan Island in the South China/ Sea. Nevertheless, It 
moved on. In the Sibuyan Sea, south of Mindot, U.S. carrier 
planes sank the giant/tSsfttleship Musashi, another 'cruiser 
and a destroyer. StilJ.*, the Central Force moved on -toward 
Leyte GuLf; " ; , ^ - 

The Southern Force entered Surigao Strait just south of 
•Leyte and w*as intercepted by Kinkaid's Seventh Fleet, which 
was composed mainly ctf -old battleships and^ other ships of 
the amphibious- first Support group. The Southern Force of 2 
battleships, % cruisers, and 10 destroyerte was totally 
destroyed. Only, one Japanese destroyer escaped. 

The Northern Force, originally intended as a decoy oy 
the Japanese, was sighted coming Jtoward Leyte. Halsey 
.stewed toward the -Northern Force*, thinking that the Central 
Force was already so-erippled it could not possibly continue 
its move toward Leyt$ Gulf. In other words, the Japanese 
plan workjed! Halsey'was taken in. by the Japanese decoy. He 
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left the escort carriers and support forces off Samar 
without protection because "he thought they we re* -now out of 
danger. Meanwhile, the baby flattops and every support 
vessel, outgunnedby Kurita's Central Force, used every 
weapon at their disposal as they drove into Kurita to keep 
hiffl back. And they succeeded. They suffered severe 'damage 
but sunk two Japanese cruisers and a destroyex. Tne next 
day the American forces infli&ted even more damage on ^Kurita 
and as a resu,lt Kurita withdrew in defeat. ^ ' 

In the meantime, Halsey.mei OzawaJ s Northern Force off^ 
Cape Enganao, at the northern tip of Luzon Island. Halsey 
sank all four Japanesb carriers. But Ozawa^had achieved his 
goal. He had lupati Halsey f s- forge away from Leyte so 
Kurita's force could get to Leyt« and destroy the 
unprotected amphibious task force there. 

It was only because of poor communication that Kurit§ 
had turned back from his mission to reach^Leyte Gulf. 
Kurita never received Ozawa's message that Halsey was 
attacking him. This is one of'the strange twrsts of naval 
history because if Kurita had received the message, he would 
have continued afid probaoly would nave succeeded in 
destroying the il.S,. amphibious force. 8ut*this is mere. - 
guessing. No one will ever know. 

The historical result of tne Battles for Leyte Gulf was 
that the Japanese surface navy was' ruined. .Its carriers 
were sunk andits pilots were lost and the Unitea States 
went on to recapture all of the Phil ippines. 
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MULTIPLE CHOICE QUESTIONS : ' . 



1. The Solomon Islands- were: 
4 

a. ' Japan's bases closest to the coast of Australia. 

b. , located in the Central Pacific just north of (pbm. ^ 

c. located in the Nor.th Pacific in the Aleutian Island chafn. 

2. -Guadalcanal- became^the: 

a. strongest Japanese base in the Pacific. 

b. primary objective in the Battle of the Philippine Sea. 

c. -primary objective in the struggle for the Solomons. 

3. * The Battles for Guadalcanal Tasted: ^ 

a. 6 weeks. V* 

b. / 2 months. % 

c. over 6 months. 

4. Attu and Kiska were: • 

a. Japanese bases in the Aleutian Islands, 
•b. Japanese carrier commanders. 

c. two islands first captured by the Japanese in 1934 just off the coast 
of New Guinea. 

5. The "Tokyo Express" was' the nickname given to: 

a. Japanese bombing raids over Borneo. * , 

b. ' Japanese troop reinforcements of Guadalcanal. 4 v 
c*-> American fighter raids over the outer islands of Japan. ^ 

6* In 1943, Allied leaders met: 

a. ^ with the Russian command to discuss strategies against the U-i>oat 

in the Atlantic. m . 

b. to discuss the possible use of Russian warships in the Pacific. 

c. * to discuss future -strategies against the Japanese in the Pacific, 

7. The most important U.S. naval weapon in defeating the j/apanese was: 

a. the submarine., 

b. the hedgehog. 

c. the battleship. , 

8. ~In landing on Tarawa, the U.S. Marines: , , 

a. had to wade ashore for almost one-third of a mi l< x 

b. met less resistance than on Makin because softening up bombing 
" * was much better. 

c. used AMe new amphibious tractor to climb over the offshore reefs 
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9. MacArthur's strategy in New Guinea was: ' 

a. to move steadily up the coast fronvN. to S. 

b. to depend on amphibious assaults by the U.S. Marines supported by 
" - nav f al battleships. - ' 

c. to leapfrog along the northern New Guinea coast. * 

10. During the Battles for the Philippine Sea: 

a. Admiral Ozawa'did not realize that his Fleet wa N s smaller than 
Mitscher's. 

b. Admiral Ozawa realized his Fleet was smaller but expected 
additional air support to everr the oddsT 

c. the Fleets of Admirals Ozawa and Mi/tscher were equal in size and 
strength. 

TRUE OR fALSE QUESTIONS : * ' } 

T . F 

1. "The Slot" refers to a sea passage down the middle of 

the Solomons from f Rabc*ul . [ 

2. Henderson Field is an airfield locate^ on New Guinea. 

3. During the Battle of the Santa Cruz IslancRthe maj6r U.S. 

losses were two battleships, the Hornet and/the Enterprise. 

4. Th£ major Japanese losses during -the battle for - 
Guadalcanal were 9,000 troops arui almost all their best 

carrier fighter pilots. i 

5,. The Marianas invasion and the Normandy invasion represent 

the secqnd largest military effort in modern history. 

6. German submarines used in th^ Atlantio^were larger and 
faster than U.S. submarines used in the Pacific. > 



7 % . The Pacific Ocean differs from the Atlantic because -it has 
more fpen waters and therefore more available trade routes 
for merchant ships. 

8. The Japanese considered Truk one of their weaker bases 
in the Pacific and therefore feared it could easily be 
overcome. 



9. During the Marianas operation, Mitscher's primary orders 
were to "capture, occupy, and defend Saipan, Tinian, and 
Attu." m * • 

10. The MarianSs Turkey Shoot refers to the destruction of 
the 'Japanese carrier pilots by superior U.S. planes and 
battleships. 
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VOCABULARY SKILLS: 



i Usint) tjfe following vocabulary words, complete the sentences below. 
There i-s only one correct*, appropriate word for each blank space. ' ^ 

perimeter: the outer boundary line of a given area as in the Japanese 
Defense Perimeter. , 

repel: to drive or force back. 

express (as in Tokyo Express ) :\ high speed. < 

uncharted: unmapped. 

, v * * 

strait: a narrow waterway connecting two large- bodies of water. 

restricted: limited. 

secured: occupied and made safe against ^enemy thrfeat. 
demolition: destruction by explosion. 

1. The caves of Saipan were filled with 32,000 Japanese troops. Their 
objective was to the Marines. 

2 % the* Japanese. attempt to bring large numbers of reinforcements "into 
Guadalcanal y&s nicknamed the Tokyo % . 

3. . ' « teams^re used to blast hcihes through coral reefs. 



4. ThlxJapanese line of bases As known as the Japanese Defense 

5. Waters that have never been mapped are . 



6. Supply routes in the Pacific were by reefs and shoals. 

7. The/ Japanese believed that their superfortress of Truk would never be 



4/ 



by United -States forces. 

/ 



8. A ; is a narrow waterway connecting two large bodies of water. 
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BRAIN TEASERS: 



1. On a map of the Pacific, trace the movement of the Allies from Pearl 
Harbor back toward the Philippines. Along this path, pinpoint -Guadalcanal^ 
Rabaul, New Guinea* Emirau, Manus, Makin Atoll, Tarawa, Kwajalein", 

Truk, Saipan, Tinidn, and Guam. 

y * / ' 1 

2. Choose one of the'above islands and research its present status: governtoent, 
population, industrial baser* _ # < 

3. Research th§ preparations necessary for the amphibious' invasion af a 
fictitious, occupied Pacific island. . You could begin by ^searching the 
physical location and structure of any of the islands listed above. ■ . 
Consider in. your preparations, the possible contribution- of demolition 
teams," ship support; air support, etc. 
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IWO JIMA 

■I ' , 

** Iwo Jima became an important strategic position' 
, because it^was located between the Marianas and Japan. From 
here* the Japanese could counteract the effectiveness 6? 
American B-29 raids on Japan by giving an early warning'to 
the home island.\jefenci£rs . ** - 

The Unitfed Stated could launch its gignt B-29 bombers 
, to f 1 yumissiohs agai/st Japan's industrial' cities. But 
' 'these missions proved *to be unnecessarily dangerous for 
several major reasons. First, Japan was^ a 3,000 mile round 
trip from t/ie Marianas. As a -result af this great distance, 
bombers returning from* Japan would often crash int x o the' sea 
v -^\beca^se thesy cbold not hold up for thS^entire trip. And^ 
they were ofLen badly damaged because the 3,000 mile round 
trip made it impossibl% for protective fighters to accompany 
them. They were also badly damaged because the Japanese 
s home defenses were given early notice that l^ombers were on 
the way and, as a result, had time to scramble fighters to 
-"- intercept the bombers. 

All of. thdse problems were related to the Japanese 
possession of Iwo Jima, a volcanic island ab % out halfway 
• between tne Marianas - and* Japan. 

When the Japanese forces on Iwo Jima saw the bombers 
fly over, they would radio the information attead to Japan 
and tne Japanese command there^ would scramble to intercept 
the fighters. ' > 

r> 

The Americans decided to put an end tfo this danger by 
captufcirvg Iwo Jima. They reasoned that in American hands, 
the air fields on Iwo Jima could be improved and turned into 
emergency landing strips for wounded bpmbers. Iwo Jima - 
could also provide a base for fighters which could join and 
escort the attacking bomber¥ on their missions to Japan. 

Th'e Japanese realized that Iwo Jima*was very important 
to the defense of their home islands. They expected an 
American assault. And so th-ey begaO to build up the 
island's defense. They built up* their forces, to £3,000 
troops -and tunnelled through 550 foot Mt. Suribachi, an 
extinct volcano, ^on the 8 square mile island. These tunnels 
ponnected hundreds of pi-il boxes and- concrete block houses. 
The, Japanese pLa%ed artillery in many caves. Frojjn these 
positions the artillery could sweefXyall the beaches. In 
short, the Japanese transformed Iwo >ima into their 
strongest fortress in the Pacific. * 

• ■ < 
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The AmericarTMarine's a^k'ed* for 10 . days of A naval 
bombardment on pinpoint targets' hefoVe 'the landing. But 
because of a speeded'-up t/Lxnetable agreed upon *by the Joint ^ 
Chiefs of S^aff , the rffcval bombardmenflasted only 3 days. 
. Tnis was not enough* to-do the job. 

* • ? > 

D-Day w'as -19 f^eb. ^Five hundred landing 'era ft carrying r 
eight battalions of Ma riYre$. v ;got ready, to land. They w<ere 
- supported^Jp^hea vy naval guns. .They were., also supported by* 
more thaJl'iOO TF-5# planes that* attacked the Japanese 
defeases with rockets, machine ''guns / and bombs. f The * 
supporting shiRs provided a. baxrage of # fite in front of and 
on the side of the advancing Marine assault waves.. 

But aljL of the. preparatory support was not enough. The # 
assault waves quickly piled up wh^n they hit the'beaches. 
The amphibious -tractors were unable to climb the . crumbling 
volcanic ash. Later, larvding era ft ran ifitb earlier craft 
that had been .stalled. Thgi Marines had. to fight their, way 
forward inch by inch as they were hit by machine gun, 
mortar^-and hefevy gun fire that had withheld earlier fire to 
avoid giving away their positions- Inching forward, the 
Marines eventually isolated Mt. Suribachi and got to the 
edge of the nearest airfield. The costs were terribly high/ 
Of the '30,000 Marines who landed" the first day, 2,400 became 
'casualties. ' + m „ 

Fighting continued until the next day when the 'aiff ielcl 
was captured. Then the attack on the Mt. Suribachi forti^ss 
began. For three days the Marines fought inch by inch, cave 
by cave, pilLbox by pillbox. Finally, the mountain was 
surrounded and a patrol got to the top ,and raised the 
American flag. * 

While the fighting ,on tt>e island went o'n, the naval 
forces were combatting repeated 'Kamikaze attacks. The ' 
carrier Saratoga was damaged and the escort carrier, 
Bismarck Sea, was sunk. Six hundred and fifty.men from 
these two carriers alone were lost. ( 

/ * s ^ The conquest of Iwo Jima was originally, supposed' to 
take five days; it took over a month. The casualties were 
astronomical ,' more than' 30%. In fact, for the-first time, 
casualties a/nong the 'assault forces were higher than those 
•among the Japanese defenders. Over 19,000 American Marines 
and sailors were wounded and almost 7,000 were killed. 
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Admi^l Nimitz' i« admiration of the Marines- said they 
made -"uncommon valor, a^common virtue." Of- course, he was 
right. The sacrifices made by the, Marines resulted in a 
iafe place to 'land -crippled American bombers. 

Morfef* than 2,000 bombers landed on Iwo Jima before the 
war e,hded. Each bomber carried a crew of ll," So one. could 
honestly say that 22,000 members of the Air Force owed their, 
lives to the Marines who took Iwo-Jima. * v' ^ 

\ 

* I 

m f * ' 

' , OPERATION ICEBERG -- OKINAWA 

** Okinawa was the last and largest amphibfous assault 
in the Pacific. ** • 

■<■ • j 

* The Jiext step was Okinawa. Okinawa belongs to a string- 
of islands known as the Ryukyus. The Ryukyus s*t retch " to **the 
tip Of the main Southern Japanese island, Kyushu. Taking ■ 
Okinawa was to be the last step in "the Pacific war before 
the real invasion of Japan. Okinawa would be the base for ( 
operations in the actual invasion of Japan. j- 

Okinawa is the largest of the Ryukyu islands. It is 60 
miles long and 20 miles, wide! The attack on Okinawa turned 
out to be the largest amphibious" Tending of the Pacific War. 
Admiral Nimitz commanded the entire operation. It began 
with weeks of intensive attacks by carrier planes, •* 
lancj'-based planes, and Naval gunfire (figure 1-23). During 
one attack Mitscher's Task Force 58 destroyed hundreds of 
Japanese planes. 

The main landings on Okinawa ve/re made, on 1 April 1945 
on the beaches near the central part of the island. On this 
day a force of 1,300* ships carrying 182,000 assault troops 
arrived. They had been gathered 'from bases all over the 
Pacific. 100,000 Japan-ese defenders awaited the attack. 
Th,e Americ/n as.sault troops, composed of Marines and Army 
troops, attacked. There was little resistance. The 
Japanese .had -decided on an "in depth" defense. They kept 
their forces out. of the reach of naval gunfire. Over 60,000 
troops. landed and pushed to cut the -island in half. 

* On 6 and 7 April came the first big Japanese 
counterattack. This'attack was made by ov.er 350 Kamikaze * 
planes and also by the Yamato, the biggest battleship in the 
Japanese fleet. Accompanying the Yamato was the light 
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cruiser, Yahagi, and eight destroyers. Kamikazes were 
planes that did no % t try to drop bombs." Instead, the pilots 
would^dive straight down into a ship's deck, hoping to 
explode an'd destroy everyone. t Their motto was "one plane, 
one ship." The Yamato force w'ag alio on a s.uicide mission. 
They had enough fuel for only one trip. They had no 
aircover. But the Yamato was the bVst armed battleship in 
the world. The Japanese hoped her force could severely 
damage the Allied Fleet after it was weakened by the 
Kamikazes. But the giant battleship failed. Admiral 
Mitschet's carrier aircraft destroyed her. Her 'destruction 
marked the end of the battleship's power in naval warfare. 

By 22 JUrie 1945 , t Okinawa was secure Fo-r United States 
troops the Okinawa invasion was the longest and^bloodiest 
Pacific Campaign since Gaudal^canal (figure l-24/>*- J ^otal 
United States casualties were at least 7,000 U.S. Army and 
5,000 U.S. Navy killed and 32,000 wounded. Naval losses 
because, of Kamikazes were very heavy both in men and ships. 

Okinawa was the»end for Japan. A large portion of her 
Army had been destroyed. The Japanese lost at least 107,000 
troops and had- an estimated 20,000 sealed in caves. Many 
Japanese cities were being totally destroyed by ai'r strikes. 
Emperor Hirohito told his Supreme war, Council that they must 
find a way to end the wa-r. V 



THE SURRENDER OF JAPAN " 

Some Japanese wanted to keep^fi^toting to the bitter/ 
end. Others said they would only make\peace if^the Empire 
was preserved. At the beginning of 194p K Japan was still a 
dangerous enemy. She controlled Korea/ Manchuria, and most 
of the richest areas of China. The filiires estimated that 
the enemy still had some two million troops on the home £ 
islands, arid were afraid that the war couldi linger on gntil 
the winter of 1946. y 

In July 1945,' the Allied, leaders met at Potsdam, just 
outside Berlin, for a conference.- Ouring -the conference, 
U.S. President Truman received word that the first test of 
the atomic bomb, at Alamogordo, New Mexico, had been an 
outstapding success. Hours later atomic weapons were on 
their way to the Marianas 1 bomber bases. 

* 4 
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Figure 1-24. Marine'Corps F4U Fighters Silhouetted Against 

Anti -Aircraft Tracers During. a Japanese Air Raid 
. orv Yontan Air Field, Okinawa, 16 April 1945 



ERIC 



. The Potsdam Declaration was an ultimatum issued to 
Japan by Truman, Churchill and Chiahg-Ka i-Shek on 26 July 
194'5. It threatened. Japan with prompt and utter destruction 
without mentioning the new bomb or the Emperor's status. It 
demanded: • ' 

1. unconditional surrender but only- for military 
forces. s 

2. give up all -possessions except for the Japanese 
home islands; Hokkaido, Honshu, Shikoku, and 
Kyushu.. ^ 

The Japanese hesitated in their decision to surrender. 
On 28 July the Japanese Prime Minister Suzuki announced Jthat 
his cabinet would "mokusatsu" the ultimatum. "Mokusatsu" 
could be translated to mean either "ignore"- or "withold 
comment on." Meanwhile, the pritish and Americans got ready 
•for a November invasion of the main island of Kyushu. They 
planned to follow this with a March assault on Honshu. 
• / 

J&ut these plans w^re never carried out. President 
Ttumkn took " "mokusa-tsu" to mean "ignore" and gave 
instructions "that the first bomb should be dropped. On 6 
Aug. a B-29 dropped an atomic bomb' on Hiroshima, an 
industrial city of JapanT The city was totally destroyed. 

On 9 Aug. a second atomic bomb was dropped on Nagasaki 
and leveled it r Hirohito* told the Supreme Council to accept 
the Potsdam Declaration. 1 The Council agreed but only if the 
imperial system remained. The United States accepted with 
two conditions; 4 (1) the Emperor must submit to the Supreme 
Allied Commander during the occupation of Japan and (2) the 
Japanese people would later hold & free election to decide 
what place the Emperor shoul (Pha ve in the future. On 2 : 
Sept., aboard the U.S.S. Missouri, the surrender was signed. 
General MacArthur took over to direct the occupation of 
Japan. The war was over. * 
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MULTIPLE CHOICE QUESTIONS : 

1. Iwo Jima is located: * 

a. off the coast of HoKkaida. 

b. about halfway. between Japan and the Marianas, 
j near Wake Island. 

2. , From Iwo Jima: 

a. M;he Japanese launched major air strikes against American bases in ■ 

the Carolines. • * 

b. the Japanese warned the home-island defenders that B-29 raids were 

. coming. f . . 

. c. America launched the B-29 that dropped the Atomic bomb on Nagasaki. 
1/ 

3. One of the major 'natural obstacles on the beach at Iwo Jima was: 

«» 

a. barrier reefs. 

b. volcanic ash. 

c. mined harbors. 

4. The mountain fortress on Iwo Jima was: 

"a. Mount Suribachi. % \J 

b. Mount Fuji. 

c. Mount Olympus. 

\ 

5. A kamikaze is: 

a. a "Japanese plane which tried to dive strafght down into a ship's 
deck, hoping to explode it and destroy everyone. 

b. the Japanese admiral in command of the carrier Yamato. 

c. a small Japanese amphibious^hip. 

6. Okinawa is part of the: 

a. Ryukyu Islands. 

Jb. Caroline Islands, 

x c. - Aleutian Islands. - 

7. The Potsdam Declaration: 

a. planned the bombing of Hiroshima and Nagasaki. 

b. spelled but the .peace terms with Japan, 

c. declared Japan 1 s resolution to fight to the bitter end. 

8. Alamogordo is located in: j 

t « * 

• * " t 

a. New Mexico. 

b. Arsizona. 

c. Texas. * •« 
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TRUE OR FALSE QUESTIONS : 

* T 

1. American B-29's.flew strikes against Japan from the Marianas. 

2. It was about 3,000 miles round trip from the Marianas to 
Japan. 



3. 'The tunnels in Mt. Suribachi connected well over 2,000 
separate pill boxes. * 

4. In the invasion qf Iwo Jima, the Marines requested three* 
days pf naval bombardment on pinpointed targets, 

5. The conquest of Iwo Jima took five days. t ^ 

6. Operation Iceberg, refers to the invasion of Okinawa. 

7. Okinawa was second to the final , amphibious assault in 
the Pacific. 

8. The Ryukyus touch the tip of the main southern 'Japanese 
island, Honshu. # 

9. The Yamato severely damaged the allied Fleet during the 
invasion of Okinawa. ' 

10. The Japanese surrendered on 2 Sept. aboard the USS 
Missouri. , 



VOCABULARY SKILLS: . ' 

Using the ijglVpwing vocabulary words, complete the sentences below, 
there is only one correct, appropriate word for each blank space. 

intercept: , to stop an enemy l s progress. 

pinpoint: exceptionally accurate. 

1. Exceptionally accurate bombing is sometimes also called 

bombing. \ C 

. • 

2. A severe blow to Japanese naval leadership occurred when American 
planes ed and shot down Admiral Yamamoto's plane. 
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CHAPTER II: NAVAL LEADERSHIP 

* 

A THE GREATEST DISCIPLINE: SELF-DISCIPLINE 



** Each society is only as .safe as the sel f -control 
exercised By each of its members. ** 

"Few things are harder to put up with than the 
annoyance of a good example. 11 Mark Twain , 

In the above quotaYion, Mark Twain is telling us a 
truth in the form of a joke. After all, who among us has 
not fplt the pressures of a good example? The coach who ^ 
requires her swimmers to be at practice by 7 a.m. and then 
is there to greet them--in her swimming suit--shows that she 
is asking no'more of them than of herself. At first, this 
3S easy to take. But after a month*of practice, some qf the 
student swimmers might secretly wish the coach would not 
always be so perfectly on tim?i H How does she get up so 
early?" "How can she be so cheerful?" they might joke to 
one another. But secretly the conscientious swimmer would 
probably be asking him/herself, "How can I do less for the 
team than she does?" The coach sets a tough example but one 
worth following. 

"I know no safer depository of the ultimate powers of 
the society but the people themselves-, and if we think them 
not enlightened enough to exercise their control with a 
wholesome discretion, the remedy is not to take it from 

them, but to inform their discretion." Thomas Jefferson, 

(In other words, the success of a society depends on the 
people themselves. If we don't think th&m capable of 
running their affairs, we Should -teach them the proper way, 
not take responsibility ay/By from them.) 

Thomas Jefferson expands on Twain's ^dea.l Basically, 
he i % s saying that each society is only as saf^ as the 
self-control exercised by each of its members. Further, 
Jefferson- is saying that it is much healthier to develop 
people so that they can discipline themselves- than to .make 
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endless rules and regulations which undisciplined people 
will have trouble following anyhow. Individual * 
self-discipline is the key to Jefferson's thought. 

I/'all members of a society could be educated to high 
personal standards, and conducted themselves by those 
standards, the^soeiety would be strong. The society woula 
be filled with people who are both leaders ahd followers at 
the same time. This last sentence sounds puzzling. How can 
someone be a leader and a follower at the same time? 
Actually, the answer is simple. Each member of the group 
would jbe both leader and follower because each would \ 
understand the need to dedicate him/herself to accomplishing 
the overall good. 

We can use tne team concept again to illustrate this 
-point. Usually, a basketball team has one or'two best 
shooters. In a sense, these olayers act as leaders scoring 
large numbers of points. At important moments in a game, 
the team tries to maneuver the, ball to thfese pl-ayers. But a 
team can only be successful if these players also have the 
intelligence and self-control to know when they are not 
shooting well. On good teams," during this situation a 
sudden change will occur. The off-shooters will quickly 
change roles. They will reduce the number of their shots 
sod begin passing the ball to other team members. Tney will 
--try to be more helpful to the team by .setting up plays 
rather than by shooting. In ot,her words', they will oecome 
supporting members of the team. They will exercise 
self-control because they understand it is necessary for the 
team f s overall success. . , > 

A*strong democratic society (organization) would oe as 
unselfish as the above basketball team. Each member woula 
be internally disciplined and would recognize the society's 
most important needs. And, of course, in recognizing these 
needs, each would b,e willing to follow or to lead as the 
situation demanded. There would be no need for .orders, or 
written laws. 

If Jefferson's idea could be completely realized, there 
would be no need for orders, carefully worked out military 
ranks, or even assigned tasks. In fact, there would 
probably not even be a need for laws. The complete 
realization of his idea would make a perfect democratic ■ 
society. 
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THE NAVY'S NEED FOR LEADERS 



m ** s A complicated society like the Navy realizes the 
need to 'develop outstanding leaders who are capable,, first, 
of developing their own hiah standards, second, of leading 
others to follow those standards, and third, of helping 
their subordinates to develop their own standards. ** 

But/of course, although people, have dreamed of making 
sucH a perfect society, ndne has ever existed, A perfect" 
society iscalled a utopia . The Navy long ago realized it 
was not a utopia. It is, however, 3 huge society made up of 



jobs to do. «We larger a society, the greater the variety 
of people init, the more related jobs Uiere are, the harder 
it is to qet'everyone working toaether. Vhow many separate, 
but related, jobs* are there on even^a sma\l ship? How many 
are there on a nuclear submarine? How manyj separate people 
does a Navy fighter pilot depend upon for h ( is very life once 
he climbs into the cockpit and takes off? Because it is not 
a utopia and because it is a complicated society* with a^ 0 
complex and important job, the Navy realizes a very basic 
need: to develop outstanding leaders who v are* capable, 
first, o f developing their own high standards, second, of 
leading others to follow those standards, and, third, of 
helpiag tneir subordinates to develop their own standards so 
that each member o,f tt\e Navy can go on developing. 



One of a Naval leader's greatest accompli snmehts is to 
inspire his/her subordinates to sel*f-disc ipl ine and trie 
highest of personal standards. Self-discipline sounds like 
a Simple enough trait. But when you think about it, you 
realize how demanding it is. One example from our chapter 
on World War II should be enough to illustrate this point. 
Do you r p C3\I Admiral Mitscher's decision to turn on all the 
lights of-his carriers so that his fighter-pilots could find 
a safe landing? Try to imagine, the difficulties that 
Admiral Mitscher must have gone( through to reach his final 
decision. He had to weigh the feasibilities of all the 
ships and men under his^cqmmand berfig attacked by the 
Japanese. He had to weigh the other possibilities of 
hundreds of fliers drowning'by being lost at sea if'the 
carrier liahts w$re*not turned on. Where were tne greatest 
demands of duty? He finally came to his decision. He must 
risk- the chance of attack to save his fliers. And when he 
gave the order to turn on the lights, many of the very men 
whose lives were put in danger cheeored his decision. Tney 
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recognized the difficulty of his decision and-how much he 
cared about the fliers* , They were willing to follow hin/in 
*his decision to save their comrades* What did their cheers 
mean? Thgy meant that under the most difficult conditions 
Admiral Mitscher had achieved the great leader's goals: (1) 
obedience , (2) r6spect |f (3) confidence, and (4) loyal 
cooperation from his men. Only a leader with great 
sel f-di scipLine cguld have faced and made such an agonizing 
dec i s i on . 

Admiral Mitscher's decision is, of course, a dramatic ' 
Example. But in many ways, it is representative.* Navai 
officers and petty officers are continually aware of the — — 
important obi igatjons and decisions which come as part of 
their rank. 

For example, aboard ship, often it l^s a petty officer's 
intelligent decision' and performance that count most. 
Consider that often the petty officer is in immediate charge 
of the engine room. In case of a malfunction, the petty 
officer must Quickly determine what must be done for 
emergency repairs. If a fire breaks out, again it is often 
the oetty officer and* crew who fiqht it. Tne lead medical 
corpsmah is often the-petty officer. In case of emergency 
first aid, the duty to make clearheaded decisions once again 
falls upon the petty officer. We are not all Admiral. 
Mitschers. But the need for sel f-discipl ine and 'courageous 
action in the Navy in real and important situations will 
cross many o,f our p'aths. f 

> Cpnsider what it means to be an officer or petty 
officer in the United States military. The complicated task 
of the United States military is no-JLe^s - than protecting the 
American people. In order to perform this duty, the 
American people designed a governmen±___g_iv_ing the military a 
great deal of authority. And this authority is transferred* 
through a chain of command which starts with the U.S. » 
Constitution, i.e., the President, and goes through to t/ie 
Department of Defense, to the commissioned Naval officer ana 
on down through the chain of command to all naval petty 
officers. The following passage, taken from the Certificate 
of Appointment Commission for petty officer (figure 2-1),. 
illustrates the obligations of authority: 
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TO THE APPOINTEE 

Your appointment as a petty 'Officer in the 
United States Navy makes you heir to a long and 
Droud tradition of Naval leadership. By accepting 
this appointment, you are charged with • 
demonstrating those standards of performance, 
. moral courage, and dedication to the Navy and the' < 
Nation which may serve as an enviaole example to 
your fellow Navy men and women. 

Your desire to excel and to guide others must 
be bourtdless; your appearance must be a model for 
others and your performance must be a continual 
reflection of your sincerity, attention to duty, 
and moral respbnsibility . By exhibiting unfailing 
trust and obedience toward superiors, cooperation 
and loyalty to your pee^fs and understanding and 
strength to your subordinates, you will contribute 
greatly to the effectiveness ant) good name of the 
United States Navy. 

Up the scale in rank, for the chief petty officer l it. 
reads in part: • . 

TO THE APPOINTEE 

Your appointment carries with it the 
obligation that you exercise additional authority 
and willingly accept greater responsibility. Your 
every action must be governed by a strong sense of 
personal moral responsibility and leader-ship..-.. 



With increased authority (higher rank) comes even more 
obligation and responsibility. Only people who have already 
established high standards through self-discipline are ready 
to carry out these demanding obligations. y. A ^d an officer < t 
and petty officer must carry them out,- He>she should also 
realize that these obi igations ure legal as well, as moral- , 
In a* real, practical way, a petty officers responsibility 
to his subordinates differs from that of an employer in 
civilian li?e. After all, in civilian life, an employee 
goes to work for an average of eight to ten hour^. 
Employees perform their services for the company and return 
home. Furthermore, at work, not only the employer but often 
the union has much to say about work obligations and working 
conditions. 
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CERTIFICATE OF APPOINTMENT I 
• To all who shall see these presents, greeting. 

iCnow Ye. that by authority vested in me and reposing special trust 
and confidence in the patriotism, valor, fidelity and abilities of 



♦ I do hereby appoint you to the^-ate of 



in the m ' t 

UNITED STATES NAVY , 

to rank as such from the day of , nineteen hundred and 

TO THE APPOINTEE * 

Your appointment as a petty officer in the United States Navy makes* you heir to a long and 
proud tradition of Naval leadership. By accepting this appointment, you are charged with 
* demonstrating those standards of performance, moral courage, and dedication to the Navy and 
the Nation which may serve as an enviable example to your fellow Navy men and women 

Your desire to excel and to guide others must be boundless, your appearance must be a model , 
for others and your performance must be a con tiny a 1 reflection of your sincerity, attention to 
duty, and morak responsibility By exhibiting unfailing trust and obedience toward superiors, 
cooperation and loyalty tP your peers, and understanding and strength to your subordinates, 
you will contribute greatly to the effectiveness and good name of the United States Navy 

Given under my hand at " * 

this day of in the year of our Lord nineteen hundred and. 



NAVrZRS 1430/7 (USN) (5-€7) 
S/N-0105-90*-2370« 



WO t*7-0 270-150 



Figure 2-1. Certificate of Appointment, U.S. Navy Petty Officer 
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A subordinate in the Navy goes to work for 24 hours a* 
day. That is, officially the sailor is, on call all'* the 
time. Further, the sailor's duties 3>e totally defined and 
^controlled by the Navy. For these reasons alone, the » 
officer's and petty officer's conj:rol and responsibilities 
are greater than in a civilian situation. By accepting a 
commission, an officer legally agrees to represent the- 
United .States- government and it is the duty of the United 
Stales government to represent the best interests of ail its 
people. Those subordinates under the officer's command are 
in his/her charge and it is his/her duty to look after their 
well-being. . .- 
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MULTIPLE CHOICE QUESTIONS : . . / 

1. - Twain believed: • - 

* > 

a. people are pleased by a goad example/* 

b. a good example is easy to^set. — . 

c. people. are often annoyed by a good exarifple. # 

* 

2. Jefferson thought that the success of a society depends on: 

a. one strong leader with unlimited power. 

b. each citizen having self-controT. - 

a few strong leaders dividing the duties of government. - ' 

3. If each member of the soei&ty were controlled by a set of high moral 
/standards: ^ ^ Mfc^^ 

a. there Would be a need for stricter laws. 

b. the crime rate would not change. * 

c. there would be no need for orders, written lays, or even 5 ranks/' 



4. A utopia ,is: - * ^ 

t *a.y a perfect 'society, 
b/ the Navy." * * 

c. a society in which each member tries to be the most important 
leader. « / 1 % * * £ 

5. One of a Naval leader's ,gVeatest accompTishments is to: 

" \ t \ > 1 

a. force his/her subordinates to follow orders wit^outjquestion. 

b. 4 inspire hi's/her subordinates to^self-discipline arTarthe highest of 

personal standards. ^ ^ 

c. require high standards of subordinates no matter what the leader 
^himself/herself does, v . \tf 

6. A petty officer receive^ his/Ker authority from: 

. ',a. a chain of command which starts with the U..S. Constitution, j 
b., the Admiral. , ■ /h 

+ > c. the Department of Defense. * 

7. With increased authority (higher rank\ comes:- 

*■ * 

- .{a. higher salary and less responsibility). ^ 
J}/ more obligation and responsibility! j 
c- greater personal pawer and fame. 

8. In apractical way,*the petty -officer's responsibility to his/her 
subordinates differs from an employer's in civiliSfn life because: • 



a. a sailor -is actually on call 24' houfrs a day. 

b. a sai'WSr is on call 10-12 hours a day. 

>c. the Navy is a more responsible organization than most civilian 
^eempanies, ^ & 



'A petty officer 's- Certificate of Appointment includes: 

a. standards of performance, moral courage, and dedication to the Navy 
and the Nation. 

b. statements about rank and corresponding pay schedules. 

c. an outline of the Navy's system of promotion. 

10. Admiral Mitscfier's decision to turn Qn the lights of~his carriers was the 
result of: * \ 

a. his realization that there was little danger of attack because 
Japanese fighter plane^were in Hawaii. ^ 

b. his decision to risk the chance of attack to save his fliers.* 

c. direct 'orders from Admiral King. 

TRUE OR FALSE QUESTIONS* ^ 

1. w Individual self-discipline is the key .to* * 

^ % Jefferson's thought. * 

2. In a perfectly democratic society a tjood leaded 

^ would also be a good follower. . 

s'l^^lncreased rank involves decreased obligations. 

4. A good leader wants^the following four responses 
from his/her followers: 

obedience, respect, confidence, and loyal cooperation. 

5. Navy jobs are related to one anotherand people must. 

depend on others to successfully perform their jobs. 

6. Self-discipline is a simple trait to* acquire. * 

7. A petty officer is often the head medical corpsman on 
a ship. • * 

8. Admiral Mitscher's men were upset .with his decision to -turr^ 

on the carrier's lights because this would endanger their N 

/ lives. < 

is - f> . 

9. An of"M cer or petty officer's obli^Mon to * * 
subordinates is moral but not legal. % 

10. The obligation of a civilfta 'employer -is approximately 

£he same as, the Nave's. / 
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VOCABULARY SKILLS : 

Define 'the following vocabulary words. Complete the sentences below. There 
is only one correct, appropriate word for each blank space. . 

annoyance 

agonizing 

discipline 

moral 

obedience 

obligation 

Utopia 



1. By practicing 3 hours a day the swinmer was. showing 



2. The 4)etty officer felt it was his/her _ 
recruit. 



to correct 1 the 



3. Recruit training proved the Navy was no 

4. The mission required 



Admiral Mitscher's decision w^s personally 

I ... ^ .d^ 



6* It is difficult to flpt^up W1 ' tl ^^ 1 ^ 



from each sailor. 



of a good!, example. 



Abraham Lincoln freed the slaves' because he felt it was the 
thing 'to do. * . 



BRAIN TEASERS FOR CLASS DISCUSSION: 



u found self-discif/l ine important iti yoxir- 



1. In what practical ways have yo 
own life? » ' 

2. In what practical- situations might a petty officer demonstrate leadership 
aboard ship? 

3. What small examples of self-discipline can you ctte from newspaper 
accounts of "ordinary 11 persons 1 lives? - t 



X 



THE BEHAVIOR .OF A LEADER 



**. Leaders do not all behave alike, but mc^st do some 
things similarly. ** 

Leaders do not all behave alike. In fact, their 
individual' personalities and,* most important, the way they 
express themselves in word and deed, probafrly have much* to 
do with -their ability to command other people to obedience, 
confidence, respect and loyal 'cooperation. But whether 
ou'fev/axdly cold. or warm, physically .strong or frail, loud or 
quiet, most do some things .similarly. * 

- ASSUMES RESPONSIBILITY 

**, A leader is williqg to take on the, responsibility of 
preparing to make decisions an'd taking decisions that' effect 
others; ** * 

The first cha ra'ct^ri sf ic probably underlies all the 
others. A leade r is'wiljing 'to set ail example. He/she 
wants to. say,^T am,a person worthy, to take on the 
responsibility of 'nuking ctecivsions t^at affect others.* 1 
What 'does this 'mean? First, At meafrs that the leader is 
interested in the' wel fare ^of others, that the leader cares 
not only abcrut how* wel I* l>eAshe*^unct ions but also about how 
well other members of*Jjy^^rew' &re able to function. And 
the leader is interested if he^fng^all others 'do their jobs 
better. This .means* the >eader*#6nts to think carefully 
about each crew member 1 s^Dil iWes and neegs and wants to 
assign jobs that each sailor can best fulfill. It implies 
that the leader wants to schedule w.ork assignments, to set 
goals, and to define standards. Finally, it means that the, 
leader wants to think carefully about how successfully the 
tasks have been achieved and to make careful judgments about 
these. 



Jn the ffrilitar^, ^r^eader is ^ultimately faced with the 
reality that a decision made ;fof ethers may mean the 
difference between life or death. So in the military, the 
willingness to accept the, responsibil ity . of making decisions 
Vleads logfcally to the need for deep* sel f-study , clear* 
thinking, and constant personal development. The military 
leader' feels an obligation to become the v.ery oest person 
ffe/sihe -clan become. 
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ACTS ETHICALl Y AND MORALLY' 



** All real success depends on a high code of personal 
honesty and integrity . ** 

The^leader understands that his power obligates him to 
the people under his command. Personal dishonesty , for 
example^making a deqision on pretended rather than real 
knowled^fe, v*ill endanger the success of. a nrission and ^ 
possibly the lives of everyone involved. The leader 
realizes that to be effective he must learn to be honest 
with himself. A leader must accura tel y ""a sse~$~S' Ms own 
strengths and weaknesses. Moral rul^s must be written not 
on paper but, in what one does"; all real success will depend 
on a high code of personal honesty and integrity. 

IS LOYAL / 

\ ** A leader knows that- loyalty is a Uo-wgy street. ** 

Jgst as'the leader takes on Amoral obligation, he/she 
takes on the*obl iga tion <bf loyalty as well- The leader must 
"be dedicated to his/her subordinates in order to get the 
subordinates 1 loyalty in return. In tim«s of crisis; 
nothing less than loyalty will do. This is the test. In 
times , of , crisis , when both sides are equal, it is loyalty 
that counts most. 

The leader understands that once again he/she mu$t set 
the example in devotio'n to country, organization, arfa 
followers. Devotion means that often one must set aside 
Kis/her own personal wishes for the good of the 
organization. Perhaps the greatest challenge *to loyalty for — k 
& the educated person, is the ability to see weaknesses in aYiy 
project or organization and still remain loyal for good 
reasons. As we pointed out earlier, there are no Utopias. 
But the educated man or woman in the Navy has thought 
carefully about why they are devoted. Perhaps being willing 
to serve and even die for a less tnan perfect cause is tne 
greatest loyalty. The obligation of loyalty',^ like that Qf 
morality, is an internal feeling. The leader must feel and 
think devotion from the inside. The leader and not anyone 
else must be the one to measure his/her own efforts. 

PERFORMS HIS/HER DUTY 

** The leader must insist that each task be done'well, 
that each task be assigned a priority , and that each task ^ 

i * 

\ 
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be assigned a proper amount of ^tirne for completion. ** 

/You have heard the expression,' "Any job worth doing is 
worth doing well." "Devotion to duty" takes the expression 
much further. It says that getting the job accomplished in 
the best possible way i,s the duty and obligation of every 
person 1 from recruit to petty officer to officer. The leader 
knows that he/she must set their own devotion to duty as an 
example to subordinates. The leader knows that a flier^ 
could die because a mechanic 1 §^ helper had not believed it 
was exceptionally important to precisely tighten a bolt. * So 
it is important to perform each du 4 ty well. But the leaaer * 
mu^t realize also that given a certain amount of time and an 
overall goal, he/she must put an order-of importance 
(priority) on each task. In short, the leader must decide 
which task is most important, which |ess, and so on. Tne 
good pettj^^off icer in charge of the maintenance functions in 
an engine room sometimes must assign priorities to 
performing maintenance. For example, some tasks if not 
performed immediately could cause a safety hazard or coula 
shut down the engine, entirely. Other maintenance that 
should be done could be delayed without causing damage or, 
at least, great damage. The leader must also be able to 
say, "Spend more time on maintiioing a critical valve, and - 
less time on replacing a corroded casing." In other words, f 
the leader mtfst be able to see that^ime is not stretchable 
like a rubber band. He/she must be able to answer "How can 
I best use this time to achieve our goals?" Being aole to 
properly^ manage time is just one mare important part of the 
leader's self-discipline. 

INCREASES PROFESSIONAL KNOWLEDGE 1 

** A leader must be continually interested in 
self-development. ** 

Every leader realizes that there is always something 
more to learn in order to perform duties just a little 
better. "The smartest man is probably the man who fealizes 
he is not the smartest man" is not a mindtwister. It is 
true. The leader is continually trying to increase his/her 
ability by acquiring new knowledge from school s , books, fjom 
practical experience and from any persons who have something 
to teach. By having such an attitude about personal 
development the leader will encourage it in his followers. 
The leader is always attempting to build # upon and beyond . 
current abilities. 
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WOfcKS TO BUILD SELF-CONFIDENCE" 

**A leader recognizes that full aoility and m0 
self-confidence must be 'developed . ** 9 

It is clear that real self-confidence only comes from 
knowledge and achievement. We, all feel confident acrout a 
task that we know we can do w-ell. .The leader makes sure * T 

that he/she does each job as well as it can be done. But we 
all ^know Jtfrat often we are called on to act in a new ^ 
situation without a'lot of past experience and therefore 
without a lot of confidence. In such a situation, we must 
sometimes be, willing t.o take personal! risks and assume 
responsibilities we do not feel quijre ready For, Probably 
no one is ever Fully prepared for any new joo. If tne 
leader does not know how to fully perform a task, he/stfe 
does not try to lie'.or bluff nis/ner way tnrougn. Ratner, 
he/she attempts to learn how by asking someone who already 
knows or by studying the proolem: Tne leader t real izes tnat 
self-confidence comes only as a result of real, honest 
achievement. In a new situation, achieving sei f-conf idence 
is often difficult but is necessary and worth the effort 
involved. The leader also know,s tnat one can only inspire 
confidence and respect in others by first having .it in 
onesel f . 

TAKES ' CALCULATED R 5 SKA 

** Often # a leader has to act oq a care'fully informed 
guess. ** % 

Only initiative combined with knowledge is successful. 
Initiative simply means making a personal ,§original move to 
solve a problem. Ideally^ full knowledge of the problem is 
necessary before taking any action. -A 'leader realizes 
he/she has the obi igatiory "to know as much as possible about • 
the history of a problem, and the past attempts to solve the 
problem. The most inventive people first want to review tne 
solutions others have tried. No responsible leader wants to 
foolishly repeat the errors of the past simply because 
he/she did not take the time to find out what they were. At 
the same time, leaders are never absolutely sure that what 
they do is going to work out the way it was planned. 
Accepting normal defeat is a necessary reality to acting on 
your t?est informed guess. If we could reach into the 
private thinking of all people in authori ty ,> we might find 
that the whole world is being run by people who .are not 
quite ready yet. 'The best leaders are probably those people 
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who realize they are never perfectly prepared and are 
• therefore always trying to do just a little more to get 
prepared. 

ACTS IN SPITE OF FEARS ,/ ' 

** A courageou^ leader overcomes fear and accomplishes 
the task.** 

Like duty and moral obligation, courage is hard to 
define. Simply, it is that behavior a person does when the 

'temptation to give up and not dolt is very strong. It 
means being able to make yourself work as hard as necessary 
to accomplish your goal. It also means being able to 
overcome your fear of Tailing. The test of personal courage 
comesyin too many forms to list. But one thing is clear. 
The more a person is allowed to exercise courage, the more 
it grows. Each time a person overcomes fear ana 
accomplishes a task, that person is developing courage. And 
although our most famous examples of courage come from 
battle stories, most of us develop this trait in more quiet, 
everyday situations. In fact, most of us develop courage as 
we live through everyday problems. Mitscher is again a good 
example. He had an early test during his days at the Naval 
Academy. After devoting himself to Academy work for three 
years he was told 'that he would not graduate because he had 
failed one course. He faced the prospect' of telling his 
parents and friend's of his failure. Plans had to be 
cancelled. Lesser men might have felt humiliated, and quit. 

yffut Mitscher accepted the disappointment and reasoned tnat 
he must keep trying until he successfully completed the 
class and graduated. Who can say that meeting and 
conquering this one academic problem was not the important 
first step in the development Of courage that made him one 
<£)f the most variant and courageous^ commanders in World War 
II? Developing courage is a process in which we ar^ 
involved, each day of our lives. 



Tnrough its rigid training program the^^vy^tries to 
help its leaders- develop the courage they'll need to 
overcome the obstacles they may face. Courage is 
fl stick-to-i t-iveness , " and strength of character. It is the 
mark of an adul t * thinking clearly about his fears and acting 
correctly in spite of them. 

ORGANIZES AND MAKES DECISIONS % 
** A leader tries to organize work and make decisions 




without bias and for 'everyone 1 s -good . ** 

\a leader is willing to* take charge of a situation, to . 
organize personnel, and to make* and bear the responsibility 
of decisions. Essentially, the potential leader is saying, 
"I believe I am the most capable person here for 
understanding the situation and I will make a decision based 
on all the facts available, studied carefully and honestly • 
The leader is also saying, "I will try to make the decision 
for everyone's good and I will try to make it without bias.*" 
No followers can ask more; no leader should offer less. 



SETS A PERSONAL EXAMPLE 



** The leader sets an example he/she expects 
subordinates to follow. ** 

The last behavior of a'leader returns v to Mark Twain's 
truthful joke. The conscientious young swimmers may be* 
annoyed by the coach 1 s * exampl e bujkthey want to follow it. 
Once more, ttV&y want, need, and rWpect that annoying 
example • 

A leader cannot expect honesty in his followers without 
first showing honesty. A leader cannot expect morality 
without being moral. He/she cannot expec£ sel f-aiscipl ine 
wi thout demons tr a ti ng it . t 

In short, there is notning more important in leaaersnip 
than setting the example. Humans are imitating animals. As 
children, we dre ss-up^ 1 ike our parents. As adults, we write 
plays or stories that" imitate life. People in an 
organization also imitate. Look at the people in an 
organization and you'll have .a' pret ty clear picture of their 
officer. They will reflect the officer 1 ? honesty, loyalty, 
efficiency and care if ihis is what is shown them! The old „ 
expression "Do as I say, not as I do", is rewritten by the 
Naval leader as "Do as I <tlo. I expect no more or less from 
any of youi You are my mirror; I am yours." 
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MULTIPLE CHOieE QUESTIONS : ' . 

1. A leader is most interested in: - ^ 

a. only how well he/she completes a task. ' 
" b. how'he/she and other, members , of the crew perform assigned tasks, 
c. getting rid of people who have personal problems and who, therefore, 
perform their tasks badly, - 

2. In the military-, the wjllingness to accept the responsibility of making 
decision leads logically to: f 

a. the need for deep self-study, clear^thinking, and constant personal 
development, J \ 

b. * moje and more levels of subordinates so that a leader needs to make 

only a few decisions. 

c. more and more leaders making decisions. 

3. Moral rules must be: . * 

a. written in' legal form to be binding. 

b. dictated by one's direct superior, 
c demonstrated in what one .does. 

4. The Nav^ believes that: ^ ^ 

a. each assignment is important enough to be done with full dedication. 

b. the petty officer and officer's jobs are more\>mportant than those 
done by an enlisted person. 

c. it is more important to perform well in a combat situation than in a 
peacetime situation. 

5. The Naval leader must insist that each: 

•» 

a. task be done well, that each be assigned a priority, and that each 
" be assigned a proper amount of time for completion. 

b. task be completed exactly as assigned no matter how long it takes: 

c. subordinate has a chance to do every job. 

6. The leader is: 

a. continually trying to build upon and beyond current abilities. 
# b. trying to sharpen skills already acquired without trying to add new 
ones. * 
'c. unwilling "to take information from subordinates. 

7. Initiative combined with:" 

a. knowledge is successful. 

b. get up and go is successful. 

c. physical strength is successful." 



8. Courage- is developed: 



a. only in a battle situation. „ ^ 

b. ' as we work our way through everyday situations. 

c. a dramatic trait which only a few people are capable of possessing. 



9. There lis nothing more important in leadership than: 

a. setting a fine example. # 

b. being sure you know what you want others to do. 

c. telling others what is- best for the organization. 

10". A leader: 

a. is perfectly prepared for each new assignment. 

b. knows that he will not be perfectly prepared for each new assignment, 

c. refuses assignments that seem too difficult. 

TRUE OR J'ALSE QUESTIONS : * p 

1. Although leaders do not all behave alike, 

they, all do some things similarly. — 

2. A leader is interested in helping all others 

do their job better. ^ — 

3. A leader is interested in making a firm decision 

based on either real or pretended knowledge. 

4. . All' real success depends on personal honesty and integrity. 

5. The greatest test of loyalty for the educated^person 
is the 'ability to see weaknesses in a project or 

organization and still remain loyal for good reasons. 

6. * The leader should put an order of importance on each task. 

7. A leader must be continually interested in self-development. 

8. It is not very important to know the history of a problem 

and th^past attempts to solve it. . — 

9. A good definition of courage is "acting in spite of your fear. 11 _ 

10. A Naval leader fully believes in the saying "Do as I say, 

not as I do." — 



VOCABULARY SKILLS : 

Define the following vocabulary words. Complete the sentences below. There is 
only one correct, appropriate word for eaCh blank space. . 

academic integrity calculated 

informed priority' > 

» * 
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Ir Admiral Mitscher was a leader of great 



2. His first v/as saving the l^ves, of his fliers, 

3. A good petty officer must try and stay fully of his 

subordinates 1 problems, ^ 

4. Mitscher .failed one subject in his work at the Academy, 

5. Every leader understands the need sometimes to take : 

risks. 



BRAIN TEASERS FOR CLASS DISCUSSION : 

1. List as many leadership traits as you can which you believe are necessarj 
for the President of the United States. Then try and cite situations in 
which the President might have to use each trait* 

2. What do you feel your NJROTC instructors obligations. are to you? What 
are your obligations in return to the instructor; to the program? Do you 
think there is £ difference? 

3. Read newspapers, magazines, or historical biographies. Find illustrations 
of leadership. Identify-^nd explain what leadership characteristics are 

s illustrated. 

o 

4. Interview coaches, teachers, guidance counselors, businessmen, or policemen 
for stories illustrating loyalty, courage, integrity, dedication, and 
ethical behavior. Make a report to -the class. 
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THE CODE OF CONDUCT ]" 

** The Code of Conduct s'tates in written form the , 
behavior required of American military personnel should they 
become prisoners. ** > 

In previous paragraphs, we have been discussing, how a 
successful leader behaves. In a war situation, Readers are 
put under the most severe tests. It is certainly harder to 
be an example when you are far away from the familiarity of 
home. It is even harder if you are captured and the enemy 
systematically attempts to strip away your personal dignity 
and sense of loyalty. 

*v This'is exactly what happened during the Korean War 
JJf950-1953> and later during the war^in Vietnam (1962-1972). 
In both conflicts, the enemy extended the war right into the- 
prison camps. An officially approved system designed to 
weakfn moral and phy/ical strength of the American prisoners 
of war was practicecf-by the enemy, ■ The enemy wished to 
destroy the American's sense of comradeship and pride in 
their country. American prisoners were subjected-to long 
hours of "brainwashing" and physical torture during which 
the enemy insisted that America was evil and that democracy 
was a lie . ' 

When a prisoner of war was weakened by torture, 
threats, lack of food and sleep, he was more likely to sign 
"confessions" about his and America's "crimes" which the 
enemy then used as propaganda throughout the world. 
Despite the enemy's inhumanity, the loyalty of only a small ■ 
number of Americans' was successfully broken. .For the most 
part, Americans conducted themselves, courageously and 
honorably. But it was clear after Korea that the enemy had 
managed to break the strength of some Americans. To make . 
absolutely clear the high moral conduct expected of all, * 
American military, the Code of Conduct, was approved .by 
President Eisenhower on August 17, 1955. -It was again 
approved in 1964 and reaffirmed in 1977 after President 
.Carter amended the fifth article. Notice that at its 
center, in Article PV, is an emphasis on devoted leadership 
and mutual loyalty. These are taken to be central to 
survival . Under conditions of stress, soldiers must have an 
example to follow. Rank in the United States military 
^obligates, the officer to provide this example. This is what 
'the duty of rank is all about. ^ I 
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ARTICLE I 



I am an American fighting man." I serve in the forces 
Which guard my country and our way of life. I am^prepared 
to give my life in their defense. 

** Meaning of Article I** All men .and women in the 
Armed Forces haVe the duty at all times and under all 
conditions to oppose the enemies of the United States and 
support its national interests. In r training or in combat^ 
alone or with others, while avoiding capture or as a 
prisoner of war, this duty belongs to each American 
defending our nation. 



ARTICLE II 



I will never surrender of my^saui^J^ee i>i 1 1 . If in 
command, I will never surrender my mfn^TRTle' they^ still have 
the means to -resist. -\ 



** Meaning of Article II ** As an individual, a member 
of the Atmed Forces may never , volunWrily surrender. When 
alone and no longer able to attack the enemy, the American 
soldier has a duty to get away and rejoin friendly forces.. 
Only when getting away is impossible .and more fighting would 
lead only to. death with no "real loss tathe enemy -should one 
consider surrender. With all reasonable means of resistance 
used-up and with certain death the only alternative, 'capture 
is not dishonorable. While a commander's outfit has the 
power to fight and evade , the enemy, it has the* obi iga tion V 
to do so.* When isolated, cut off, or surrounded, e unit 
must continue to .fight until relieved or able to join with 
friendly fdfces. 




ARTICLE III 

If I am captured I will continue to resist by all means- 
available. I will make $very effort to escape and aid 
others to escape. I will accept neither parole nor special 
favors from the -enemy. " 

J 
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* ** Meaning of -'Article ill.*'* The duty o/t a member of 
the Armed /orces to use all me am to resist tih # e enemy is not 
lessened- by being captured. Under the authority of the 
senior official 1 (often called t,he senior ranking officer, 'or 
"SRO") a prisoner. of war (POW) must be' prepared to escape 
whenever *th;e opportunity presents* rtsel f . A\s a matter of 
conscious determtflril a p., a ; POW must pi an f to Escape , try 'to 
escape, and 'assr^-^HJers^to escape.. In a POfW compound^ the 
seniorPOW must con^raer the welfare of thosp remaining 
behind after an escape. ' / 

6 Since 1950, enemies engaged by U'.S. forces' have 
regarded the POW compound as^an* extension of the 
battlefiel'd. In 'doing so, they have used a variety of 
tactics and pressures, including physical and mental 
mistreatment, torture and v medical" neglect to try and use 

^POWs for propaganda purposes, to get military information, 
or^jto break down POW organization," communication and 
resistance. Suph enemies have* .attempted to trick American 
POWs into accepting special 'flavors in Exchange fo-r 

. statements r «acts ox information, 'unless it is necessary to 
the life or werfare" of that person or another prisoner of 
war o*r the success of effort's to, resist or e'sca'pe, a POW 
must neither seek no # r accept special, favorsV One such 
"favor"* is called* pa'rale . Parole is a premise by a prisoner 
o-f war to a captor to .do stfmett?ing--suqft as agreeing not 'to 
escape- nor to tight agafn once released — in return for 
favors such as rejl ief*- from,, physical bondage, or improved 
food and liv*ing^ conditions. It might alsg be the promise of 
being" releXs?(^aheajd of th-e- sick* injured, or prisoners who-. 
hav*£ been there lbngef.* Unless specifically directed tiy t£e 
senio,r American "pri^son^r* of war a*t tl\e same ,place of* 
captivity, an American' POW will nfver sign nor otherwise^ 
acfcept parole . ^ * . * ^» 



ARTICLE iy / ^ 

% If I tfecome a prisoner of war, I will keep faith with 
my fellow prisoners^-^i^will |^vNb no information ,nor take 
paft in ahy'a^tioft which mighl be) harmful to my comrades . 
If I cim senioWj I will tak£ command?* If <not, I will obey 
the lawful o£de*rs of those appointed over me and will^back 
£hem up in*.every way. * v < 

** Meaqing of Article IV ** * Informing, or any other » 
action to'the>harm of a felldw prisoner, is hc^pribLe end 
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forbidden* Prisoners 'of war must not, help the enemy 
identify ffellow prisoners who may hav^ knowledge tthat is 
,vdluable to the. enemy. If the enemy were to fip<J out about 
such , knowledge , those prisoners could .be made -to suffer 
harslvquestioning . Strong leadership and^ communication are 
essential to discipline. Oiscipline is the key to camp\ 
organization, resistance, and even survival* Personal 
cleanliness, camp sanitation, and care of *£ick and wounded 
are very important^ Officers and noncommissioned officers 
must continue to carry out their responsibilities and 
exercise their authority in captivity. The senior 
individual, regardless of Service, m MS>t <a ccept command. 
This responsibility, and accountabil iYy , must not be 
avoided. If the "senior is hurt or is^othe rw fee un^le to 
act, the* next senior person must ass.uSb command. Tn ^V 
responsibility of subordinates to obey the lawful ordejss of 
ranking American military personnel does not ^ change* in \' 
captivity."- ^ * 

. . ■ - 7 9 : . ' " 

' ? & „ ARTICLE V 

When* questioned , should I becorfte .a prisoner of war, I 
am bot*hd to give only name, rank, service number, and date 
* of- birth*. I will make no oral or written statements 
disloyal to my country and its allies or harmful to trrfeir 
v cause. * . Ns ^- . ■ 

** Meaning 'of Article V ** ydhen questioned ,> a prisoner 
*~'of war is required to give namk , rank, service number 
(social security number) and da^te of birth. The prisoner 
should make every effort to. avoid giving the captor any more 
information. 4 The prisoner may talk with captors about 
matters of health and welfare and also may write letters 
home. Actions* ev^ry POW should resist include making oral 
or"written~ confessions and apologies, answering written 
* questions, giving personal his*£fie^ , "crea tirtg propaganda 
recordings^ broadcasting appeals to*other firisoners of war; 
giving an^other material readily usable for propaganda 
purposes, criticizing thefflselvess, communicating on behalf of 
the enemy to the harm of the United States, its allies, its 
Armed Forces, or other P0Ws\ Every POW should also 
recognize that any confession signed^ or any statement made 
may be used by the enemy as a false evidence that the person 
is a "war criminal 11 rather than a POW . Once a POW is 
labelled a "war criminal" the individual gives up all rights 
until a prison sentenceiis served. Experiences of American 
prisoners of war have pjroved that, although enemy 
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questioning sessions might be harsh and cruel, one could 
resist brutal mistreatment when the will to resist remained- 

But if a prisoner does gi,ve up information when he is 
under stress, it is very important for that prisoner's peace 
of mind and survival, to make an e.ffoct to recover his 
courage and. dedication, aYid not give up any additional 
information. The best way for a prisoner to keep faith with 
country, fellow prisoners and self is to provide the enemy 
as little information as poss s 'il\le 



* > ARTICLE VI 

"I will^ never forget that Tarn an American fighting man, 
responsible'* j;or my actions., and dedicated to the principles 
which made my^ country* freer- I will trust in my God and in 
the .United States of America. ' ^ 

** ^leaning of Article Vl : ** A member of the Armed 
Forces is always- responsible for his,personar actions. A 
member of the Armed Forces wno is captured has a continuing 
obligation to resist and to remain loyal, to country, 
Service, unit and fellow prisoners.' The' Ufa of a prisoner 
of war is hard- Each person in this hard situation must 
always keep hopeful',* and must resist enemy brainwashing. 
Prisoners of war^s tanding firm and united against the enemy 
will support and help one another in surviving the 
difficulties of prison^^r* ^ 

'The Code is a formal law, something like a written 
version^of the internal code of leadership discussed earlier 
in this chapj^. Notice tnat personal responsibility and a 
high , set ofTtandards are central to the Code. Most 
.important, realize also that it is not enough to know the 
words of the Code; as with all other real strength, it. is 
important to understand the ideas and principles that are 
behitfd the Code. Sailors must # judge whether they have been 
loyal' to the Code's standards: 



(1) total dedication to the principles of 
American democracy as a way of life (self-respect 
and pg-rsofTal responsibll ity ) 



(2) resistance against the enemy while resistance is 
/ possible . 

^ (3) if captured*, continued resistance against the 
enemy and continued dedication to tile principles 
of American democracy • ^ 

(4) tatai loyalty to comrades-at-arms ; . 

(5) continued obligations of command ^ 

(6) under questioning/ resistance to any 
'questions other than name, rank, servic'e number, 
and birth 3ate, 

The American soldier, sailor, airman, or^marine is reminded 
by the Code that they are to behave as dedicated American 
citizfens. An American's responsibilities are heav'y but the 
freedoms given us by 'democracy depen8 upon ou-r exercising 
those responsibilities. 
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MULTIPLE CHOICE QUESTIONS :- 

1. In both the Korean War and the war in Vietnam, the enemy: 

a- respected international rules of imprisonment, and treated prisoners 
fairly and equally. 

b. "outnumbered American, troops by 5 to 1 . 

c. used an unlawful Systigudesigned to weaken the moral and physical 
strength of American prisoners of war. s 

2. For the most part American prisoners of war: 

^ a. broke under the pressures applied by the Communists. 

b. conducted themselves courageously and honorably. 

c. attempted to escape from the prison camps in large numbers. 

*~ 

3. The center of the Code of Conduct is: 

a. an emphasis on reasonable cooperation with the enemy. 

b. on the need for aach prisoner to survive on his/her own. 

c. on devoted leadership and mutual loyalty. 

4. Article I of the Code stresses: , $ 

a. the prisoner's need to try and escape. 

b. the duty of all men and women in the Armed Forces to oppose the 
enemies of the United States. 

c. the need for all men and women to* cooperate if captured. 

5. The meaning of "parole" in Article III of the Code is: 

a. a promise -by a prisoner of war to a captor to fulfill certain 

conditions, like agreeing not to escape, for favors* such as relief 
from physical bondage, 
-b. early release from prison so that the prisoner may return to serve 
his unit; 

c. a word-meaning the misfortune j6f captivity. 

6. The senibr in a. prisoner & war camp must: 

a. accept command, regardless of Service. 

b. accept csmnand of those subordinates only in his/her Service. 

c. not accept cotrcnand unless l>olding the ranR of lieutenant o^ above. 

7. When questioned, a prisoner of war is required to: 

♦ a. give name, rank, service number and date of. birth. 

b. cooperate with the enemy as seems reasonable. „ 

c. gj^jfNin format ion as long as that information does not seem harmful 
to on^'s 'comrades. 
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8. Any confession or statement signed by a prisoner of war: 
a* is ^Plowed if it does not seem harmful. 

b. may be used by the eneiny as false evidence* that the prisoner is a 
"war criminal." 

c. is the best way to secure quick Release. 

* 

9. The best way for a prisoner to keep faith with country, fellow prisoners 
and^self is to: / J 

a. agree uponNkj^ri><xi policy that will not anger the camp commander. 

b. 'provide as litTTe information as possible to the enemy. - 

c. give'obviously false and misleading information. 

10. The Code of Conduct was written because the~mVMt£r> realized that: 

* 

a. during the Korean War, the enemy had managed to break the strength 
T 'of some Americans?" * * * 5 •« : 

* b. most American soldiers did not care about their obligations, 
c. the Code would lessen the obligations of American soldiers. 



TRUE OR FALSE QUESTIONS : 



1. 4 The Code of Conduct was first approved ^ 
by President Eisenhower. 

£. The center of the Code is Article IV. 

3. All men and women in the Armed Forces have 
a duty at all times and under all conditions 
to oppose the enemies of the United States. 

One can surrender\to the enemy if conditions suggest 
that the enemy can no longer be beaten. 



When cut off or isolated, a unit may surrender. 

"SR0' 1 is the abbreviation, for Senior Resource Officer. 

The duty of an Armed Forces member is lessened by 
captivity. 

Discipline is the 'key to camp organization. ^ 

If a -senior is hurt, it. is the duty of the next 
senior person to assume command. 



10. * The Cbde is a formal law. 
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e the following vocabulary words. Complete the sentences below. There 
4s only one correct, appropriate word for each blank space. 

accountability 

bondage 

comrades * 
evade / 
Mutual 
propaganda 
voluntarily* 
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1. The American prisoners of war beca 



^*2. The sailors ' agreed, to go on the mission, 

* • 

3. Their \ was made bearable by realizing that one day they 

♦ would be free. 

4. Signed statements could be used by the enemy as . 



5. The sailor continued to be clever and to the questions. 

'6. The petty officer and his subordinates' relationship was based on 
_. trust. 

7. The petty officer explained that each recruit was for 

his/her -actions. 



BRAIN TEASERS FOR CLASS DISCUSSION : 

1. Which article(s) of the Code do you believe would be the most difficult 
to obey? Why? 

2. In what ways do you believe the enemy might attempt to weaken one^S will? 

3. Why is it important to understand the ideas and principles that are 
behind the Code rather than just* memorize the Code and know it by heart? 



DISetPLI^E: TWO VIEWS 



** One ki>nd /of discipline is a result of raw fear. 
Another is the^tesult of understanding. ** 

One kind of discipline we see comes about as a result 
of raw fear. A dog crou'ches with its tail between its legs 
as its master raises his voice and shouts, "Get out of the 
kitchen' 1 ! The dog goes remembe ring severe beatings in the ' 
past that have accompanied these sounds. The animal 
responds, because it fears being harmed. Probably, if given 
the smallest opportunity, it will bite its master. In 
Hitler's dictator-led armies this kind of unthinking 
discipl ine. was common and eventually his #wn generals tried 
to "bite" him to death. . ' 

But the United States works from a* different set of^ 
ideas. We believe that citizen-soldiers will be discipl ined 
because they understand :thk good reason for self-control and 
are dedicated to the principles of democracy. 

When you stop and think about it, 'democracy is based on 
well thought-out sel f -discipl ine . An American citizen is 
expected to^gd^to the voting polls without being forced. 
He/she is expected to have learned about the candidates and 
the issues aTrd to have m^de a .careful decision about them. 
Voting recosds these decisions. These recorded votes 
determine the directions of govexnment--it;s laws art^elected 
lawmakers. Clearly, the democratic process trains us^ts 
expect well thought-out self-discipline. If citizens in a 
democracy were to stop going to the polls and stop 
exercising their right to make self-governing laws, 
democracy would end. * 

v . 

Our system of laws is set up to Detect every 
individual in the society. Clearly again, no individual has 
k right to break the law without suffering just punishment 
because in so doing he is .inf 1 icting harm on someone else 
and this is not to be tolerated in a democracy. We agree 
on laws; we agree to vote for the most qualified leaders and 
in doing so, we agree upon reasonable protection and safety 
for the whole population. The key word here is 'iagree." It 
meanS we- have thought about and decided upon the system by 
which we w-ant tolive. J 

Conscientious American soldiers, sailors, airmen and 
Marines will respond to a leader's order because they 
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understand it is necessary for the genial good. They will 
respond because they've come t^o urudarstand that it is their 
duty to protect a uniquely freeway qf life and tnat 
discipline (agreed upon order) is necessary to efficiently 
accomplish each task which contributes to the general 
mission. They will respond to the needs of a situation 
because they understand it requires response- -not Decause 
they fear punishment. The definition of military discipline 
mignt o p ^ M that degree of control wnich moves an organized 
group to appropriate action upon receipt of an order, or 
anticipation of tnat order when circumstances preven^ its* 
being given." 

The second part of tne above definition is most 
interesting; it says that the people in our Armea Forces 
will so respect tne neea to accomplish the task tnat tney 
will push on even if the designated leaaer is temporarily 
absent . Bk " They will pursue tfreir mission as if th^leaaer 
were present. Overall, t^ey will respond to a leader's 
orders in much the way the fine atnlete will respond to the 
coach's directions—because they n ave come to respect his^ 
judgment which they know is based on firm knowledge. When 
the coacn and tne leaaer set an example wortn following, 
followers, and often even seniors, recognize, Respect, and * 
respond. T^e resoonse may not always oe in exactly tne way 
the leader expected, but it will be in tne desired 
direction. I„t is the leaoer's joo to Duild tnat response. 
Every person wants to know tt>at£their efforts "are 
aporeciated. A leader ! s word of advice to ne* men and 
women, a look of approval after an exceptionally good drill, 
yes, and even recognition for the accomplishment of wnat 
seems to be the most "unimportant job" will clearly show 
tnat the leader is noticing honest effort. A leader's 
actions show he/she believes that i'n the service of one's 
country there are no small jobs. 

For extraordinary effort, a leader should give public 
recognition and, if warranted, official recognition* ,The 
Navy system officially recognizes outstanding effort by / 
promotion. But, of course, all grades o»f recognition are 
only meaningful if they are earned. In school, a-grade made 
too easily is not respected or appreciated by the receiver; 
praise or promotion earned too easily produces the same 
resul t s . 

AN OFFICER AND PERSONNEL \ 

** Honest, intelligent, continuing concern for 
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personnel is crucial to the'behavior of the effective 
officer or petty officer. ** 

Every person wants to feel important. The simple point 
is that in the Navy every person is important and the 
petty officer should make this clear. How? By showing 
hoK^s^ interest in ^nd concern for each junior not only 
because such understanding will make for more accurate 
assignment of proper tasks but because it is the legal and 
rrforal duty of the officer to try and ensure the safety of 

- personnel . And safety, after all, is emotional and mental 
as well as physical health. If juniors h»ve severe personal 
problems they will not do their jobs with care.. It is the 
petty officer's duty to help the subordinate understand the 

s problem and come to grips with a solution. Honest, 
intelligent, continuing concern for one's personnel is 
crucial to the behavior of the effective officer or petty 
officer. Concern implies that the leader supports his/her 
subordinates. In a sense, it also means the petty officer 
wished to be their friend if "friendship" means mutual 
affectioa- based on respect for the jobs that both n^ed to 
accomplish. The petty officer must always remember that 
with rank comes the responsibility of setting the best 
possible examole. This means not only beirrg approachable 
f,or advire but worthy of/Qiving it. Rank must, mean 
responsible friendship.-^ It cannot mean familiarity . It^ 
cannot mean being buddies with subordinates. The reason is 
simple. The petty officer must always be seen in a position 
of reliable authority. The petty officer must be someone 
tnat can be looked up to. ■ ' 

The line between friendship and familiarity sometimes 
might seem to be thin, but the petty officer, for the good 
of subordinates, and, of course, of the organization, must 
be able to' draw that line. 

DISCIPLINE WHEN SELF-DISCIPLINE FAILS 1 

** The petty officer must make it clear that failure to 
respect regulations will be handl ed- immediately , justly, and 
without anger. ** 

In bivilian life we make laws to protect each citizen's 
rights and to protect our collective rights. But in every 
society, we will, have breakdowns. Our law^s allow us to deal 
with these. When someone is accused of breaking the law, 
our system cfssumes . that the accused is innocent until proven 
guilty. IfJproven guilty^ the criminal still has the right. 
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to , expect quick, fair, and consistent treatment under the 
law. Our system has done pretty well in providing such ^ 
treatment • 

In the Navy, we assume tha t^all^personnel wish to 
follow regulatiofts and to keep discipl in^ for the general 
good.' But we know that there will be some breakdowns. A 
petty officer must make his/her position about failures to 
respect regulations clear: the failures wj.ll be handled 
immediately, justly, and without anger. The N officer must 
also -make it clear that each person will be treated as - ' 
fairly as possible. Each case will be individually * reviewed 
according'- to its peculiar set of circumstances. No 
favoritism, no overreaction will, be shown. The petty 
officer must show subordinates that when and if they are not 
dependable, he/she will be. 

LOSS OF TEMPER = MUDDIED THINKING 

** Anger clouds thought. ** 

No petty officer can afford to lose his/her temper. Of 
course, anger is about a# human as we get. Bgt, like all 
violent emotions, anger clouds thought. And the petty 
officer's duty requires clear thought; it requires the ^ 
constant attempt to teach subordinates. Anger-is no 
substitute for the officers careful analysis of a 
subordinate's error. The officer must keep in mind that 
he/she wants to prevent the error from occurring again. And 
the test way to do this is not by blowing one;s top but oy : 
analyzing the error and its consequences. A petty officer 
sets an example^b.y remaining calm, analytical, and Dedicated 
to the idea that each job must b.e done intelligently and. 
efficiently. The petty officer's reaction to all 
situations, including errors, sets the tone that the rest of 
the personnel will follow. 

SUMMARY: LEARNING TO ACCEPPCOMMITMENT AND RESPONSIBILITY 

** The commitment of oeing in the Amsrican military 
also demands learning to accept responsibility. **■ 

. When a person enters the Navy, an oath is taken. In 
the oath that person swears to uphold and defend the 
Constitution of the United States against all enemies. In 
reality, the sailor swears to defend the principles and 
privileges of freedom and self-determination passed on 
through a .long chain of command starting in the individual 
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citizen of the United States. An American sailcnr-is- - ^ — 
swearing to defend his/her own rights and responsibilities. 
The sailor swears to faithfully discharge each assigned 
duty. Each performed duty—no matter h,ow small-- must be 
seen as dignified apd important because each is part of the 
defense of individual freedoms! The sailor is swearing to* 
try and be the best, most infprmed, responsible 
citizen-soldier pos-sible. Thomas Jefferson said, f, There is 
no safer depository of the ultimate powers of the society § 
but the people themselves." The American citizen who has 
~ sworn the oath of service has taken on an additional 
responsibility of democracy. 

When an especially well-qualified person becomes a 
petty officer he/she takes on added authority and also added, 
responsibility. The person says to the nation, "I can 
responsibly lead^sj^hers in protecting the United States." 
But the very others led are a-part of the citizenry that 
gives the petty of ficer , his/her authority.* This is # 
complicated role. Inr order-to be-st- f uLCilL JiisZhex jrole it 
•is the individual's moral and legal duty to continually work 
at self-improvement. 

The petty officer must work toward developing 
professional skills, improving -abilities to train, guide, 
and insure the well-being of subordinates. In all 
activities the petty officer must set the example; the 
petty officer must acknowledge this obligation. 
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MULTIPLE CHOICE QUESTIONS : 

-Ir—iTTti i U er Vxitct^teM^OTi^s , discipline inspired by fear led to: 

- a. J^fs generals trying to murder him. 
b. the battle of Stalingrad, 
desertions. 

x 9 

2. Conscientious soldiers, airmen, and Marines will' respond to a leader's 
order because they: 

a* fear punishment if they do not respond. 

b. wish to-be rewarded for loyal behavior. 

c. -understand it is necessary for the general good. 

3. Dedicated people in our Armed Forces will: 

a. respond, even if the designated leader is temporarily absent. 

b. take no action unless the designated leader gives an order. 

c. always respond exactly to the leader's expectation. 

4. The leader believes that in the servtce of one's country: 

a. most small service jobs are relatively unimportant,. 

b. every job requires public recognition. 

c. there are no small jobs. 

5. A petty officer's definition of "friendship" to his/her subordinates 
should be: 

a. mutual affection based on respect for the jobs that- both need to 
accomplish. § 

b. personal affection that passes over disagreements about official 
responsibility* 

c. fellowship and familiarity. 

6. A petty officer should handle failure to respect regulations:,- 

a. by reporting these to the Chief Petty Officer. 
I b. immediately, justly, and without anger. 
/ c. by immediately chewing out the offender in public. 

7. A petty officer's anger at a subordinate's error: 

a. shows concern for the unit's welfare. 

b. clouds accurate thpught. 

c. should precede any analysis for the error and its consequences: 

8. All military personnel swear an oath to: 

a. uphold and defend the Constitution of the United States against all 
enemies. 

b, uphold the Geneva Convention. 

• c. read and understand the words of Thomas Jefferson. 
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9, No individual has the right to break the law: 

a. without suffering just punishment. 

b. unless he is officially representing a government ag 
C. unless the law seems too severe. 

10. When the leader sets an example based on firm knowledge' and clear 
thinking: 

a. followers, and often even seniors,- recognize this and respond, 

b. followers will always respond. 

c. every person will want his efforts recognized. 



TRUE OR FALSE QUESTIONS : ] ^ i 

L A petty officer shows little interest and concern 
for juniors because they are assigned- unimportant 
jobs. 

^^Military personnel will respond to the needs of a 

situation because ttjey understand that it requires 
a respo'nse. 

3. For extraordinary effort a leader should give 
public recognition. * 

4. In order to keep subordinates happy, praise and/or 
promotion* should be offered freely and easily by 
the petty officer. * 

5. A definition ol^ntlitary discipline might be "that 
degree of control which moves an organized group J 
to appropriate action upon receipt of eyrf order, or 

in anticipation of that order when circumstances 
prevent its being given. 11 

6. The petty officer must be able to draw the line 
between friendship. and familiarity. 

7. A petty officer's response to errors sets a model 
for his subordinates. 
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8. In a sense, th£J\merican sailor swears an oath -to * 
defend his/her own rights and responsibilities.- 



9> One kind of discipline results front fear of punishment; 
the other is the result of understanding. 

10. Voting is the way Americans record their decisions about 
candidates and issues. 
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VOCABULARY SKILLS: , ' 



Define the roTTowing vocabulary wor^s. Complete the* sentences below, 'There 
iVonly«djie correct, appropriate word for each blank space, 

designate ' • J % * y* « . , • 



familiarity - 
inflict ' 
personnel 



privilege * 
tolerated 1 

1/ Breaking regulations can not be , by a petty officer. 

2. The o/ficer called a meeting of all 

3/ The Inertly decided that the best way to break th* pri sort's, will was to 
j o pain, ' ^ »v 

4, With the of rank comes its responsibility. 

\ 

5.. There^ is a basic difference between professional friendship r ' 
and t . s - 

6. She ersked that the pettySfficer ; "her for the mission. 



BRAIN TEASERS FOR CLASS DISCUSSION : 

1. If anger is hur^em but not viesirable, What are .some alternate ways that 
a petty officer can deal vW|h anger? 

2. Can.you^set up a list of difference^ between reasonable and unreasonabl 
dis v c4pfine? In wjiat practical" situations might .a petty officer have to 
administer discipline? ' , . 

■'• • ' " * 

3. -Why is -it important for a petty officer to study. hi s/her personnel? 
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CHAPTER IN: METEOROLOGY 



KNOW THE WEATHER 



">. 



** The age of exploration tookfclace in the 15th, 16th 
and 17th centuries. *** * % 

INTRODUCTION 

In a^l the natural world, weather is outstanding in its< 
beauty, its majesty, its terrors and it's continual direct 
effect on ujs all. Becajjse weather involves, for s the 'most 
part, massive movements' of invisible air and is concerned 
wt£fcrthe temperat-bKe and pressure, changes of this almost 
ii(Ttangi-ble substance, most of us have only a limited 
understanding of what -weather is' all' about. 7 This chapter 
will help you 'to understand" it and also to understand, in 
some degree, how weather changes are predicted. 

Since the modern Navy travels to *the ^farthest corners 
of the world, over and ynder the sea, as well as through the 
air, sailors- know that the success, of a* voyage depends on 
being ready for anything,* including weather. In fact, major 
events in modern 'American Naval history have been changed by 
the weather. During "World War II, the Allied invasion of 
Normandy was delayed by the weather. The British, who have 
always lived with the Atlantic storms, buil t special 
portable, floating harbors t for the Normandy landing. They 
knew the Atlantic waters of f 'the Normandy coast piguld be ' 
storm-tpssed . In the Philippines, American .^axines had to 
fight rSot only the Japanese but the hot, huml^d weather as 
well. 

And many United States troops/ were injured~Tto the 
Northern Aleutian Islands^, not 4 by the enemy, but 6y the 
bitter >cold* 

Voyagers have been fighting th£ weather since the 
earliest Greeks. But, in* more Vmode^n times, when more men 
began traveling farther and farther away from home, they 
Started to realize the naed for correctly measuring and, 
therefore, .predicting the y/eather. 
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AN AGE OF EXPLORATION 

This age^.of Exploration took' place in, the late 15th', ^ 
16th, and 17tK ceritpries . Columbus, in 1422, was part of 
man's atJventure to find a n.ew world. At the same time, 
scientists began exploring:' They *v£*pl ored the inner world 
of man's body and the world outside his body the 
universe. . 

In the 15th century, , Leonardo da Vinci , a great 
scient is tT~clnd artist, invented the hygrometer (hygro means 
wetness and meter means measure). The. hygrometer is an 
instrument which measures wetness in tfte air. Leonardo 
weighed a ball of dry wool on both a dry and a damp day. 
The ball weighed more when the weather^was wet. This seems 
simple now, biut remember that in the 15th century few people 
had even thought about accurate ^propf about the weather by 
experimenting. So this was a very WfJortant scientific* 
discovery., Leonardo da Vinci proved ttlat there is invisible 
wetness in our air all around us.;; 

-Anyone., who ;has ever run in th^-hot, dry atmosphere oft- 
Arizc/na or the hot, wet atmosphere * o f Florida knows how - 
differently these two atmospheres feel. Even though the air 
looks the same, it is very different. The word atmosphere 
,comes from the Greek word "atmos" which means y.apor . The 
Greeks gt^es-sed tlrat much of the a-ir was water in thg form of 1 
a gas. But da Vinci went much further by scientifically 
observing &nd measuring • the , amount of water va"f>er in the 

Probably ; the most important spientist of the* exploring 
age wasan Italian, Galileo Galiler . He lived in the 
middle of the age (1564-1642) . H£, .was a .great genius and 
nrade marty discoveries. He Vas the first, man to use. the 
telescope. to explore the sky.' He proved that the earth - • 

revolved' around the sun. With this idea he shook the - 
world's beliefs. .Up until his discovery people had believed 
that the earth was the center of the Vni vei^se . , 

As part of Galileo's scientific explorations, he > 
invented the first simple thermometer (thermos means 
heat). Galileo said that the^fcily way man could understand 
his world was by carefully observing it first. He also^said ' 
that measuring heat was a very important fir^t step in 
understanding the weather. He was right. 
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. Galileo's thermometer can be thought of as the first 
giant step forward in modern meteorology , the scientific 
study of the atmosphere. 

The barometer was invented about the 'same time as the 
thermometer (1643) . The barometer measures the weight of 
the air "above us. Air having weight is a hard idea to^ 
understand. Air seems empty and without weight. But it 
isn't. Air has weight like every other substance in our 
world. ' * 

Still another weather instrument was invented at this 
time. This was the anemometer (anema means wind). The 
simplest anemometer you've seen is the weather vane. 
, Mounted on a barn's roof, the vane (in the shape of a 
rooster) ,can tu,rn freely with the wind. It is blown ip the 
wind's direction. 

Knowing moire about the weather became increasingly 
important in modern history^when navies and armies fought 
thousands of miles away from ]^ome. Troops were being moved 
' into areas of the w^rld with different weather conditions 
and patterns* ^Beintj prepared, or unprepared for those 
conditions would me|n life or d^ath. * ' 

'just before World War II, Vilhelm Bjerknes, a Norwegian 
meteorologist, developed an idea of how to explain worldwide 
weather patterns. This idea was based on air masses and 
polar 4 fronts. An air mass is simply a huge bubble of cold 
or warm air traveling over the earth's surface. A polar 
front is a very cold air mass, sweeping down over the earthy 
from the North or South" Pole. Air masses coming together { 
make up weather patterns. . x 

Ourihg-the war, many weather observation stations were 
set up all over the World. These stations would take 
measurements and send in their reports. As a result, large 
scale weather forecasting .was madei easier. Commanders could 
know what kind of weather their troops could expect. 

As aviation developed, meteorology also developed. 
Pilots could get;closer to storms and send back more 
a ecu r a te information 



There ,are evep hopes now of finding ways to change or 
oorftrol the weather for man ' s' wel fare . So far thes'e have 
not been very succj^sfdl, but meteorologists are still ; 
experimenting. 
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MULTIPLE CHOICE QUESTIONS : 

1. The scientific study of the atmosphere is called: 



a. astrology, 
— b, --meteero-legyr — - 
c. biology. 



2, The thermometer was invented by: 

a. Galileo- 

b. Leonardo da Vinci • 
"c. Columbus, 

3. The invention of the thermometer was the first: 



a. 
b. 
c. 



Mil 



major invention. * 

giant step forward in modern meteorology, 
invention by the Greeks. 



The gaseous form of water is called: 



a. 
b. 

c. 



dew. 

vapor. 

oxygen. 



MATCH THE FOLLOWING: 



N 

Television and Infra-Red Observation Satellite 
\ 

a cold air mass 

measures wind 

measures weight of air 

measures heat 

measures wetness in air 

a huge bubble of cold^or warm air traveling 
over. the earth's surface. ■ 

BRAIN TEASERS FOR CLASS DISCUSSION : 

1. Use an encyclopedia or a reference book on meteorology to find out 
' what the following instruments Took like: anemometer, wind vane', 

rain gauge,, and ceilometer. What conditions of the atmosphere do 
these instruments measure? Where is each instrument . used , in a 
, laboratory station or outdoors? Find out how each instrument works. 

m 

2, Find out hoW some other weather instruments work. 



1. 


hygrometer 


a. 


2. 


thermometer 


b. 


3. 


barometer 


c. 

* 


4. 


anemometer 


d. 


5.. 


air mass 


e. 


6. 


polar front 


f. 


7. 


TIROS 


g. 



/ 
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3. Describe the climate where you live. Explain hoy it affects business, 
farming, clothing, transportation, housing and recreation. 

4. Visit a weather station. Describe the following instruments: wind 
vane, barometer, thermometer, hygrometer, anemometer, v - - 

5. Make a report to the c/las?\tel ling" how radar and sate I lite's are used in"> 
- forecasting the weather. / 

* 6. Make a simple wind vane, anemometer and hygrometer. Demonstrate how 
each works. ^ % 
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THE ATMOSPHERE 



" ** The atmosphere is divided into four major layers. 
Conditions in the troposphere, the : layer closest, to the 
earth's surface, determine the earth's weather. ** 

_ w.e know that largo parts of the ^a^t4^-s-^^f^e^E~e 

covered by water — oceans, lakes, rivers. The deeper the 

- water, the more pressure "there is at the bottom. Submarines 
cannot descend below certain depths, or they will be crushed 
•by the pressure. We also live in an ocean of air, which 
covers the whole earth. This ocean of air is about 1,000 
miles deep. We are at the bottom of this air ocean, and the 
pressure down here is greatest. It becomes less as we go 
•upward. We begin to noticfe the difference by'just climbing 

a. mountain. The pressure is less higher up and we begin to 
^feel lightheaded. The lightheadedness is also because there 

\is less oxygen -mixed' into the air the higher we go. This 
vast ocean of air is our atmosphere. 

The air is a physical mixture of gases, something like 
coffee and creaw mixed together. The main gases of the air 
closest to the earth are nitrogen C78%) and oxygen (21%). 
Of dburse, we need oxygen in order to breathe. The other 1% 
is a mixture of argon, carbon dioxide and tiny traces of 
neon, helium, krypton, and xenon. At any height up to- about 
125 miles, otfer any region of the earth, there is about the 
same mixture of oxygen and nitrogen. It does not matter 
whether the air is calm o r* d is turbed . 

i 

The atmosphere also contains water vapor* Water vapor 
is very important in making weather because unlike the 
ga^ses, the amount of water vapor (humidity) , in the air is 
different from one place to another. Also, how the water 
vapor is heated by the sun affects weather. In short, the 
water vapor in our air + heat make our weather. . 

The amount of water vapor- the air will hold depends on 
the air's temperature; Warm air will hold more water vapor, 
than cold air. . There is more water vapor over the equator 
( th/an over the poles. Is it hard to picture separate masses 
V^f air, each containing separate amounts of water? In order 
/ v to make.jthe picture clearer, t try this. In your mind make up 
• ^ »\ a gallon^ oug v of air. Construct the gal Ion ^container .of 

- flexible 1 a^d'^s tre tchabl e material \{figure 3-1). Then think 
that the gallon will' stretch larger when heated and shrink 

% wh,en cooled. Like the gallon jug, the hotter the air, ttfe 

mote wa k ter it can hold. Like any other jug, there will ^ 

finally be an upper limit to the amount of liquid this jug 

can hold. k e 
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When any parcel (amount) of air -is* 100 percent soaked 
with water vap'or we say there is 100 percent humidity. ^When 
a parcel of air has only 50 percent (or 1/2) of 'the amount 
of water vapor it can hold we say the air has a relative 
humidity of 50 percent. Relative humidity is a percentage 
of the amount of vapor the air can hold at a given < 
temperature. Both cool and warm air can have 100 percent 
relative humidity (figure 3-1). Of course, the relative 
humidity depends on the air's temperature . If a mass of hot 
air is suddenly cooled, it will shrink, and will be less 
able to hold the water. In other words, its relative 
humidity will go up. When a^ parcel of air in nature reaches 
100 percent , relative humidity and can hold no more water 
vapor, we get rain or fog. ^ 

Dew drops on grass in the early morning are another way 
of understanding relative humidity. In the morning the air 
is usually pool. The relative humidity is high (100 
percent) and the air delivers its water vapor to the surface 
of the grass leaf. As the sun comes out, the ait warms, and 
the air is more able rto hold water. The dew drops evaporate 
back into the air and the grass leaf is dry. 

Although we cannot see it all the time, water surrounds 
\us as much as it surrounds "water creatures" like the sharks 
and porpoises. But much of our water is in a different 
ocean. 

. THE EARTH AND ITS OCEAN OF AIR 

Think of the earth and its atmosphere as a huge 
grapefruit wrapped in layers and layers of cotton gauze. 
The pulp of the/ grapefruit is the earth. The skin, or rind, 
of the grapefr/it is the first 3-1/2 'miles' of the earth's 
atmosphere, me cotton gauze, which gets looser and looser, 
is the other 19S6-1/2 miles of atmosphere. The skin or rind 
is thick; like\the lowest 3-1/2 miles of atmosphere. The 
gauze gets increasingly thinner and looser as do the outer 
layers of the atmosphere.' Since the air in the lowest 3-1/2 
miles is thicker^ the pressure' h.ere is also greater. In 
J fact, 50 percent of the atmosphere's weight is thickLy 
packecf into these lowest 3-1/2 miles. 0 • 

As we travel upward in our atmosphere and farther away 
from earth, the air grows much thinner and tne pressure 
lessens. The higher up we go, the less oxygen there is in 
the air. It is very hard to breathe at these higher 
altitudes. > 
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Also, as we go higher, the air 0ets colder. The colder 
it gets, the less capable the air is of holding Water. The 
weather we see rain, fog, clouds, and snow occurs 
before we reach 20,0p0 feet above the earth's surface. 
Forty-five miles above the earth, all oxygen has 
disappeared. Only small amounts of helium^ and hydrogen 
exist up here. * 



'EARTH'S ATMOSPHERE: FIVE LAYERS 



The atmosphere is divided into fiye different layers. 
The. five layers are: (1) "the troposphere , (2) 
stratosphere , (3) mesosphere ,'(4) thefmo sphere r and 
(5) exosphere . Each of these layers has a set , of special 
characteristics, like fingerprints (figure 3-2). 

The Troposphere* 

The first layer, closest to the ground, is called the 
troposphere. The troposphere is 5 to 11 miles thick. It is 
thicker over the warmest places of the earth, near the 
equator, and thinner over the colder places, like the North 
and South Poles. 

# 

In other words, the troposphere is where we all.live. 
The 'air in this 5 to 11 miles is constantly mixing and 
turning. Water vapor is trapped in this layer. 

It is because the air here contains water vapor and 
because the air here is constantly mixing and turning that 
we get our different weather conditions on'earth. Weather 
is simply the kind of air that is present in one part of ,the 
trbposphere. When we say we wish the weather would change 
we are really hoping tnat a different parcel of air might 
arrive. 

% 

Because the troposphere traps all the water vapor, 
clouds form here. How does # a cloud form? Let us say there 
is a parcel of .hot wet air resting over, the equator. Hot 
air' always tries to rise. This process is called 
convection . As the hot air rises, it begins to cool and . 
when it cools, the relative humidity of the air parcel* 
increases. When the Relative humidity of the air reaches 
100 percent the air can no longer hold the water vapor; The 
water vapor condenses into tiny liquid drops and a cloud is 
formed. * ^ 

As the hot air begins to rise, it leaves an empty 
space. Colder air rushes in to fill the empty space. .This 
is a simple example of air circulation. ^ 
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Figure 3-2.' The Earth and its Five Layer Ocean of Air N ; 
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The Tropopause 

« 

There is a border zone of air over the troposphere. It 
is called the tropopause . It is divided^into three 
overlapping areas tropical, extra -tropical, and Arctic. 
The height of the tropopause varies. It has a height of 
about 10 miles at the equator where there is great heating""* 
and upward movement of the air which .is created by 
convection- But it has a height of only about 5 miles at 
the poles. 

There are currents of air up in the tropopause called 
the jet etpeams . These streams occur at about 20,000 to 
40,000 feet and move from west to ea^t at high speeds. 
Discovery of the j$t streams was important to' 8-29 bombers 
during World War II because they flew at an altitude of 
about 4 miles. By getting into a jet stream of 300 mph, ^ 
th-ey increased speed, conserved fuel, and shortened their 
flight time. In a sense they could ride the stream. Of 
course, the bomber^ needed to avoid the streams on their 
return flight in order to avoid heavy resistance. 



The Stratosphere 

Just above the tropopause is the stratosphere. The 
stratosphere reaches an, altitude of 30 miles "and contains 
almost no water vapor. Also, the temperature is a constant 
-40° to -50° F. Therefore, there are no/clouds and there is 
very little upward or downward movement/of the air. It is 
because the air is so quiet here that modern commercial 
pilots like to fly in the stratosphere when not using the 
jet s t reams . 

Since about 1970 scientists have started to worry a^jput 
supersonic transport planes fTying in the stratosphere. The 
scientists have shown that in the upper edges of the 
stratosphere there is an ozone layer . Ozone is a gas that 
is formed from oxygen. It is important as a protective 
shield for the earth because it absorbs ul traviolet rays 
from the sun before they can reach the earth. Too much 
ultra violet light causes skin cancer* Scientists point out 
that the jets 1 supersonic engines release nitrogen oxide 
gases in the ozone layer. These have a chemical reaction on 
ths ozone and destroy it. Because the stratosphere has no 
water vapor and, therefore , no weather, the nitrogen oxide 
stays in the ozone for a longtime. In 197*5* the United 
States* National Academy of Scrsnce made an alarming report. 
They Vaid that unless the super\onics f engines could reduce 
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the' nitrogen oxides, a la-rge fleet of these planes could • . ^ 
deslrfby the earth's protective ozone layer. * * 



4 



Chemosphere (Qzontf Laye^| 

A small transition zone just abov// the stratosphere is 
the chemosphere (also kfiown as the ozcfoe layer), ^ It 
sXaxts^ai in tn 15 miles above the eartfi. As discussed » 
before, it is very important ' for *the protection it gives us 
against ultraviolet rays. ^Because we know so little about 
this area, scientists sometimes classify it as part of the 
upper regions of the stratosphere or as partjof the lower 
regions of the next major zone, the mesosphere. 



The Mesosphe.re 

The mesosphere starts at about 30 miles and reaches, an 
altitude of 50 miles. The ^temperature here goes from 30 F 
at 30 miles to -100° F at 50 miles. In other words, the 
temperature will drop 135° in just 20 miles! At about 70 
miles altitude the temperature again begins to rise. 

The Thermosphere 

The thermosphere is the next highest layer. It' is here 
that the air is thinnest and ele'c tricall^y charged/ It*is 
also here that most of the radio reflecting particles exist. 
It is v^ry hot in this layer. 

Collectively, the s tra tosphere^ mesosphere, and ^ 
thermosphere are known as the ionosphere . 

The Exosphere ^fc 

The exosphere is the highest layer of our atmosphere 
before outer space* ^It begins at 500 miles ana goes up 
until about 18,000 miles. This must be a strange place. * 
The temperatures here range from unbelievably hot to 
unbelievably cold: 4,500° F in daylight to -460° F (near V 
absolute zero) at night. 

Up here only helium and hydrogen exist.. The atmosphere 
is so thin /that if you pulled all the air molecules in'a~ 10 
mile cube t(ogether, collected them, and pult.ed them downj^o 
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earth, they would not fill the eyg of a needle! The air 
particles here are charged with electricity from the sun. 
The electrically charged particles are concentrated in two 
zones at about 2,400 miles"and 9,600 miles. These zones are 
called the Van Allen radiation belts . It is only sinc«e " 
1958 that we have been able to use satellites to study these 
belts. These belts of radiation are weakest above the 
earth's magnetic poles. Manned space ships jnusX go through 
these weak spots, called "escape zones," if they want to 
Teach outer space. — you might say tfrat these^'escape zunys^ - 
are our only doors to outer space. The exospjiere is the 
last and highest layer of our air ocean. From here we enter 
outer space. 
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STUDY IOttf : . ^ * ' • * 

1. • Jr • * space belo^, diagram and label the five layers of the atmosphere 



; 

2: Name two chafacteri sties of each layer. 



1: 












2. - 






* 


* 




3. 








r 




4. ^ ■ • 


'- r ^ 










5. * ' • b 



3, Why /is the ozorle lay^r important?" . ' j 

<% *■ , * * 

. a. it serves^ as a protective shield for the earth, 

b/ it absorbs jjftr&violet rays fronrthe sun. * 

c. both a and b. ^ 

' 4. The are£ known Jas "escape zones" fp^-spacecraft called: 

/ a* % krypton: fc ■ f 

. b.* Van Allen Belt.. 

c- 'troposhere. * f 
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Define the following o wards^accordincj^ tcr the definition given' ir^ the text. 

Humidity / « - / . " 09 

2., Relative humidity . } , 
• Convection ' ' 

4. Ozone- layer " * ' 

5. Jet stream 



- t . . , • ■ . . . 



-4tfBDEN-HE-SSA6 E 



Drops on grass in the early morning. 
• | Th*e vast ocean of air surrounding us. 



S 35 -t» 7 3 18 
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What- you must do to solve this puzzle. 
Clouds form in tfvfs layer of the atmosphere. 



~~ * . 19 4- 

* . ' The jet stream occurs here. 

T/he^zone' layer is in this part of the 

~ 33 ~5 21 9 5" -10 atmosphere, 

^ , The highest layer ( of our atmosphere., 

m 27 34" 29 26 ^ * 



, Another name fgr humidity. 

T~24~~ 31 6 32 36" 



t 

MESSAGE 

Figure out' the message* by transferring the letter from the numbered 
i^lank atbve to the'blank with the. corresponding number. 

. • / * _•/!_/■ ,/ i_ v ■ 

"TTITT 11T 9 10 1112 13 14 15 16 17- 18 * 



•/• •/ ;v_ / •__ i , 

19 20 2T 22* 23- 24 25 26 ' 27 28 29 30 31 32 33 34 35 36 ■ , 
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• ^ ' •••••••C7.. • • / 

- * • The riain gas in the air closest to 

! T2 the earth. - . t . 

The area on the earth -that has the greatest 
^> T?T6 13" amount of water vapor. 

+ K Another name for water .vapor: 

~.28'~ 17 — 41" 

Relative humidity is dependent on this. • 



THE WEIGHT OF THE AIR • - ^ 



** When we talk about the weather, we are really v 
talking .about the air's weight, wetness, movements, and > 
heat. ** ^ 

Man arTtKQther air-breathing animals can only live in^ 
the lowest 20 ^H^es of the atmosphere. Here all of the air 
Overhead presses oowrt\ with a fotce of 15 pounds per square 
inch. Over millions of years man has learned* to adapt to 
this prlssu're. T^is pressure is called air pressure. If 
man climbs high into the mountains, he real izes -that the air 
is thinner* and air, pressure is slightly less, Man is so 
used to nearly 15- pounds per ^squa r* inch , his body ffeels 
strange in higher altitudes.- x * 

Scientists weigh a column of "air by using th.e 
barometer* The most common barometer uses mercury and 
works like an old fashioned balance scale that has a pan on 
either side of a. cross arm. You have probably seen the 
Balance scale. (Tri "Brrer P'an yoir prtace an ob-j-eet , like grapes.- 
Oh the other side-you place exactly measured weights until 
the two Sides' balance. Then you know exactly, how much the 
grapes weigh ('figure 3-3). 

The barometer is used to find*out now much a column of 
air weighs- The original barometer did this by taking an 
eaipty 3 foot long glass tube.sealed at one end and open at 
the othfer and 'filling it with mercury! 0 The, tube looker! like 
a long thin test tube. The filled tuDe was then turned 
upside down and placed- into a large* bowl-of mercury. Then a 
strange thing, happened . The mercury. in the tuDe kept 
falling until the weight of the mercury in the tube balanced 
out against th* weight of the v air prising on the surface of 
the mercury in the bowl. So the length of that much mercury 
in the tube was equal to the air f s weight pressing down on 
the surface mercury in the # bowl . Jhe resulting empty space 
above th^ tube's mercory -is a vacuum. This , reading "was 
taken at sea level (figure 3-4). 

♦ Vv Scientists now knew hoy/ high the, mercury in the tube 

♦ rose at sea level. 'And so ' they could measure differences at 
other # al titudas and at other times ofStrfe. day. The^heavier 
the air pressure, o-n the^Jpu tside ; the higher* the column would 
rise. When they took, the barometer up 'to the top of a high 
mountain,, the- me rcu ry 4 in the tube fell. So the scientists 
knew' that the true air pressure at higher altituoes was^ , 
lower. • f 
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"tou would expect this to be true since you know that 
e higher up you go, the thinner the air is. 



The barometers in use today are just improved forms of 
the original; The modern tube has careful measurement's . on - 
it. In the United States, the barometer tube is usually 
marked in inches. Countries that use the metric system mark 
their oarometers in millimeters. So if we say that the / 
barometer measures 29^2 inches (or 760 millimeters) we are 
really saying that the pressure of the air supports a coJkjmn 
of mercury which is 29.92 inches long. 29.92* inches (760 A 
millimeters) is the normal pressure a* sea latitude 45 ) 
degrees. *This,is called the normal 'atmosphere. It is zYso 
simply called one a tmosph ere . ■ * 

» ** 

There is another unit of measurement commonly used. It 
is called a bar . Barometer measures- are sometimes marked * 
in millimeters. A mil 1 Lbar is a thousandth of a bar. 

^ The Navy t uses trte me rcgrial and tne aneroid 
barometers .' 'The aneroid baromeber is really a flexible 
me£al box with a. .vacuum inside. Tne box is kept from 
'folding up under, outside' air pressure by -a spring insiae. 
The box responds 7 to outside \air pressure -by pushing in. 
Thi-s movement* is recorded by a hand (like* a hand on a. clock) 
which moves over a dial. " * v 

There is also a -modern (instrument called, a barograph . 
It is simply an aneroid barometer that makes a continuous 
record of oaronietrio pressure. , t 

'All of these different fonts of the barometer record 
the ai r 1 s # weight . 

■ . / 

* THE TEMPERATURE OF THE AIR 

Anyone wnc has- gone to a picnic in the warm sunshiny 
ana run nome from the same picnic in a cola rain knows that 
the weather changes. But now? Most of the^chano/s in the 
weather are caused by changes in the temperature. Heat is 
the rftost important cause of the weather. , r 

HOW HEAT WORKS 

When you stand in front *o<f a fireplace, you get hot. 
The heat you are-feelifig comes f rom 6 ttjp burning coals, the 
coals are losing their heat ana it L^moving through the air 
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toward you. If someone stands betw-een you and the fire, he 
will receive more of the heat. The -heat he feels, is 
radiant energy . Scientists believe that every object in* 
the universe acts like the sun. Every object, hot or-col-d, * 
can gi^e up its energy if this way. For, example*, the earth 
is 'giving up some of iti energy day and night. The loss is 
called "cooling by radration." y « 

The sun heats the earth'. Its rays tace down into our 
atmosphere. Some of the rays are absorbed by. the gases in 
the atmosphere. .\Some hit clouds an* are flipped back as if 
they had hit a mirror. Some almost reach the earth's crust , 
but instead, hit the shiny dome of a building or a bridge 
and-bounce back to the sky. And some hit the earth and are 
absorbed. On an average a bit less than 50 percent of the 
sun's incoming radiation is absorbed'. The earth heats up 
quickly especially on sunny days. But it only neats up on 
its surface, about four inches deep. So the earth is a very 
good absorber at its- surf ape . , But it is also a good 
Radiator. At^night whfcn the sun goes down, the earth 
"radiates"much of its .stored "neat back into the" sir. 

But the neat does not go all 'the way upward and back 
into space. Instead, the water vapor in the air stops it. 
The water vapor acts like 'a one-way -stop .sign looking down* 
at the earth. It holds the heat gained from tne sun close 
to the earth and only lets the fieat escape slowly. Tne more 
y^ater if\ the air the more this olanket works. Farmefs know 
this. They like moist an.d clou'dy nights. v They know that 
tne warmthlcrf the -day will stay on tnis kind of night. But 
these same 'farmers fear clear, dry, cloudless nights because 
the warmth of a 60° F day can dr6p to freezing in ^ust a few 
hour-6 % 

Some 'of the sun's rays also hit tne oc^tan^T The oceans 
gafn and lose heat slower than the land. At night the 
oceans Lose less Heat. Of course, the air above tne ocearft 
;s also much wetter than the air above the land so the ocean 
heat^that is lost is held 'down more complete!/. Tnef air 
above the- oceans, trfen, is warmer ^than the air above 
surrounding land masses. 

So we "see that the sun strikes th.e different surfaces 
of the earth and is absorbed "and lost at different rates. 
As a Result,: the air masses aoove different locations on tne 
qarth hava vjsry different temperatures. 
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Now it is a law of nature that warm air is lighter and . 
cold air heavier. So warm air rises; cold air falls-;and 
flows toward ^he warm air (figure 3-5). The result is 
moving air masVes (winds), the transfer of heat, and what^we 
generally call weather. And the sun's heat is the reason 
fo*r it all. * 

MEASURING HEAT 

* 

Since heat plays the most important part in making the 
weather, any observations about the weather depend on^ 
carefully measuring temperature. Temperature simply means 
the degree'of hotness of coldness measured on a definite 
•scaled 

The thermometer is the instrument (jsed to measure 
temperature. It is like the barometer in that it is a glass 
rube filled with liquid. But nere the similarity stops. ■ 
Ihe toD of the thermometer ' s__tube is filled with air. Its 
Uquid is alcohoVor mercury. " The liquid expurrds "vhen -it -re- 
heated; and gets thinner when it-is cooled. When it - 
expands, the liquid needs more room and so tries to escape, 
the ores-sure of* the sides of/the tube. It goes up the tube- 
Tne opposite occurs during cooling; tne liquid relaxes and 
moves down tne tube. 

1 Thermometers can us-e two different "measurement scales 
Vioure 3-6). The first is called the Fahrenheit^ 
thermometer (F). Tne temperature/ of melting ice is called 
22° F and that of boiling water, 212°F. - Tne Fahrenheit 
thermometer is noi in common use only in English-speaking 
countries. On the Centigrade scale the second measurement , 
the freezing and boiling points of w§£er are 0 C. and 100 L, 
respectively. On doth the Centigrade, sometimes called 
Celsius, and the Fahrenheit thermometers temperatures 
below the ze-ro are written with a minus sign A change in 
temperature from 32 to- 212, oeing a change of 180 on the . 
Fahrenheit scale, corresponds to a cnange of 100 on ,he 
Centigrade scale, making" each Fahrenneit degree equal to 5/9 
of a Centigrade degree. The following formula may be used 
to convert from one scale to another: 

C = 5/9 (F-32) " , 

F = 9/5 (C+32) 



A A 



Warm Ocean 



Cool Land 




Figure 3-5. Warm Air Masses Rise. Cold Air Masses Fall 
and Flow Toward the Warm Aif 
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Figure 3-6. 



Celsius and Fahrenheit Scales 
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WATER IN THE ATMOSPHERE 

Earlier We said 'that weather was caused" by water vapor 
in the atmosphere being affected by heat,* There is more : 
water on the earth than any other substance. Almost 71 
percent of the earth is covered with water and some of the 
seas, are 30,000 feet deep. Only a tiny percent of this 
watej: goes into the air but this percent is the -most , 
important water in the world. This water yapor exists in 
the atmosphere for many miles and acts as a blanket for the 
earth holding the warmth gained from the'sun. As liquid 
droplets, it turns into our qlouds and fog that make much 
of our weather. As rain and snow coming back to, earth, it ~ 
» brings ui the precious water -we need to survive.* 

Most of the water vapor gets into the atmosphere by 
evaporation from the main water bodie,s of the earth. If 
^ you've seen a pan of^ater heated on a stove you've seen. an 
actual experiment .in evapora tiof»! 

Water also get* into the air by transpiration . An - . 
amazing amount of water transpires (evaporates^) from the 
leaves of green plants. A single apple tree may move 1,^00 
gallons of water^ihto the air in a six month growing season* 
A3 moist °air rises, it slowly cools. Finally it coo#s so r * % 

mucn that its relative humidity reaches 100 percent. Clouds % 
form, and under certain conditions rain or snow falls.. Tnis 
eternal .process of evaporation, .condensation, and 
precipitation is called tne hydrol oqical cyicle (figure 
3-7). 

c 
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STUDY QUESTIONS : 

1. Air pressure*. is: , ■ ' 

a- air's hotness. 

b. air's wetness. 

c. air's weight. 

2. Normal air pressure is approximately: 

a. 10 lbs per sq. inch. 

b. 15 lbs per sq. inch. 

c. 15 ozs per sq. inch. 

d. 10 ozs per sq. inch. 



3. 1 In a mercurial baromet.er it is important that there. is a vadium above 

the mercury column so that: v 

a. only heat can cause the mercury to rise. 

b. nothing interferes with the up and down motion of the mercury.. 

c. there is no downward pressure on the column, 

4. - When the mercury in the tube^of a mercurial ^ barometer begins to fall 

we can guess that the air pressure is:^ 

a. increasing. t 

b. decreasing.^ , 

c. remaining constant. - m } 

5. The most important influence 4n weather is . : 



affected by heat. , ' 
7. Water vapor serves two- important uses. What are they? 




6. 



Weather is caused by 



,in the ajmosphere being 



a. 
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The amount of -water vapor in'the^air is ca>leck "humidity. " The 
"relative humidity" is the amount of vapon the air is holding ex- 
pressed as a percentage of the amount the air could hold at that 
particular temperature. Look at the chart below and answer the 
following questions. \ 

a. When air with a given amount of water vapor cools, its relative 

.humidity __■ . 7 ( 

; grams of water vapor per 



c. 
d. 



86°F i Saturated when it holds 
cubic meter. ^ ^ 

When does water vapor reach its dew point? : 

What is the difference of grams per cubicctrteter between saturated 
air at 68°F and 86°F? ; <_ 

What is the relative humidity of air when the temperature is 61°F 
and it is holding, 7. 27 grams of water per cubic m&ter? 



) 


TEMP. 






RELATIVE HUMIDITY, 


-\ 




86°F 


16% 


24% 


31% % 


.45% , 


57% 


100% 

r 


68°F 


28% 


. 42% 


54% 


79% ' 


„ 100% 


r 


61°F 


36% 

i 


532- 


69% 


100% 






50°F 


52% 


77% 


100% 








43°F 


67% 


100% 








I 


32°F 


100% 














4.85 


SI. 27 


9/41 


13.65 


^7.31 


30.4-*^ 






Grams of water vapor 


per cufric 


meter' 





T|ie temperature to -which air must be cooled for condensation to occur 
is caTled: 



a. the dew point. 

b. the relative humidity. 

c. OOC. 

When water^vapor is added to air: 

a. trf air becomes les% dense. 

b. *the*air becomes denseF. 

c. the temperature rises^ % . 

d. the air cools-. 
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11. Air masses above different locations on, the earth have^different temperatures 
because: • - 

* * • 

a. the sun strikes the'earth at an angle, . t 

b. the earth rotates oh its axis, 

N c. heat is lost and absorbed at different rates, 
*♦ 

12. Warm air mass'es (rise, fall). CoVd air masses (fall, rise) and flow 
toward^ the warm air. ,' 

4 

13. The^degree of .hotness or coldness of the air is measured by: , 

a. . barometer, 

b. ' barograph'. 

t. thermometer. • k 

14. Name the 2 different measurement scales thermometers use: 



b. 



15. What formula is used to convert from' one scale to another? 



VOCABULARY SKILLS : 

Define the following words* according to the definition given in the text. 



1. 



6. 



One atmosphere 



2. Millibar 

3. Bar 



4. Mercurial barometer 

5. Aneroid barotneter 



barograph 

V 



7. Radiant energy 



8. Celsius, scale 

9. . Fahrenheit scale 

I. 0. Dew point 

II. flydrological cycle 
12.. Transpiration 
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Each of the words below is hidden in the puzzle. Find and'circle them. 
Words may be*backward, forward, horizontal, or diagonal. 



VOCABULARY WORD SEARCH 
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ONE ATMOSPHERE 
MILLIBAR 
BAR •' 
BAROMETER 
DEW . 
POINT 



V 



ANEROID , 
BAROGRAPtf 
R7WIANT ENERGY 
CELSIUS SCALE 
•FAHRENHEIT • 
TRANSPIRATION 
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BRAIN TEASERS FOR CLASS DISCUSSION : 

1. . Find out if your body cart- measure temperature. 

Use three pyrex bowls. Fill one with hot water, the second with room 
temperature water, and the third with ice water. 'While one student 
places the finaers of his right hand, in the -Rot water (cautiously), the 
. second student"should do the same with ice wa^r. The fingers should 
be kept in the bowls for about one minute. At the end of the min ute, 
both students should move their right hand finders into the third bowl 
(room temperature water). Each student should describe the water in 
the, room temperature bowl. How does it feel? What is the basis for 
each student's' description? -How could-you get a more accurate . 
description of the temperature of ,the water? 



.-/• • • . ■ 

2. 'Determine the effects of pressure on air movement. 

Inflate a balloon about half* full of afr'T'Holir the opening tightly 
closed with your hand. Where is the air pressure greater, inside or 
outside the balloon? Hold the balloon but release the opening. Which 
direction does the air flow, from balloon to the room or from room to 
the balloon? Does' air flow from a region of higher pressure to a, 
region of lower pressure. or from a region ofylower pressure to one 
where the pressure is higher? 

\ 
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Observe how rotation .affects air pressure. 

Fill a gallon jug with water. Turn the jug uf^de down and watch the 
water flow from the jug (into a sink, of course). Also note the way 
.air entfers the container to replace the- water that leaves the bottle. 

Refill the container, and this time qui£kly move the jug in. a circular 
path immediately after the jug is inverted. Observe the air entering 
and the water leaving the jug using this method. ^ 

'Which method was most effective in getting air into the bottle? That 
is the same way large quantities of unstable air move^loft .quickly in 
a violent storm like a tornado. 
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CLOUDS 

** The £ontinuous v moving and turning of'air partly 
explains the existence' of the different kinds of clouds. ** 

S M I am the daughter of Earth* and. Water, 
and tf>e nursling of the Sky; # ^ 
I pass, through the pores of ' the -Cfcean 
arid Shores) V- 1 

I change, but I cannot ^ie. n - x - ', 

v The English poet, Shelley, used these lines to describe 
the seemingly magical formation of clouds. Clouds are 
everywhere. Seldom is -the sky without them. .Singe early 
times, farmers, fishermen, and s.ailors fyave used clouds to . 
predict weatherl 

I 

In^the 'preceding text we have discussed water vapor in 
the air and called it humidity. ' We' have defined relative 
humidity as a percentage of the amount of vapor the air can 
hold at a given temperature. Now r we shall discuss the 
'formation of water vapor intct clouds, classify them toy n^e 
and describe what kind of weather tiaey.may predict. w 

As you know the- air- is continually moving and turning. 
This movement partly explains the different kinds of clouds 
we see. It also explains why all clouds do not gi^ve us 
immediate rain. Basically, the water droplets can take 
three paths after they have formed. These three (depend on 
the temperature of the air .and it9 movement (wind). * 



1. Some droplets may bump into others and }oin with 
the.m until they get so big , and heavy that they 
fall to earth' as .rain, snow or sleet. 

2. The droplets can reevaporate, witn-the vapor 
carried higher into the atmosphere. * - - „ 

4 

3. .The droplets can rise and freeze into ice crystals 

and form high altitJde clogds. . , 

KINDS OF CLOUDS , 

In 1803 an Englishman named Luke Howard thought of' a 
grouping system far clouds. " Howard's method is the basis o 



o r 



or 
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our modern grouping system.^ Howard used'Latin words to 
describe how the clouds looked to him, 

* * _ 

He put clouds into four- basic groups. 

. 1. Stratus, These clouds looked like they were 

arranged in sheets or layers. (Latin for^" layer 11 
is stratur . ) _ 

2. Cumulus. These clouds looked like.they were huge 
piles or heaps of cotton. (Latin for^'pile" is 
cumul us . ) 

3. Cirrus. Thesq clouds' lQOked like thin feathers 
or hair. (Latin for "hair 11 is cirrus.) 

4. Nimbus. This fourth division shows if a cloud has 
a form of water falling f-rom it. The word 
"nimbus" is joined-with otner cloud names to 
indicate the presence of water. (Latin for "rain 
cloud" is nimbus.) So by comoining "nimous" with 
another cloud name, we are sayiiig tnat tne cloud 
is causing rain, snow, 6r «sleet to fall. 
Therefore^ a cumulo-nimbus cloud is a cumul,us 
cloud tnat is causing rain. 

These shapes of clouds occur at different al t i tudes . 
The height /altitude) of the cloud is a second way to talk 
about it. /The altitudes are Hign, Midale, low, and Towering 
(a very high cloud that has its base in tne low altitJde 
area and its top, in the high area). Because it is so tall, 
i-t contains many different winds. 

Following is a list of the cfouc families and tneir 
members (figure 3-8). After each name is a short 
-description of the cloud ana the kind of. weather it brings. 

FAMILY I. High Clouds v - 20,000 ft. and above ^ 

1. Cirrus: tnin, feathery made of ice 
crystals. In scattered patches, 
shows cold ana clear weajtner. In 
parallel l^nes, violent cnange in y 
weather witnin 36 nours 

2. Cirro-cumulus : thin, patchy wave- 
like patterns, show^ rain or snow in f 

> > 24 hours 

3. Ci r FO-stratus : filmy cloud covering 
r the s&y, shows -clear and cotd 

wea tne r . 
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FAMILY IF 



Middle Clouds -.6,500 to 20,000 ft 
1 , 



FAMILY III 



Alto-cumulus: gray or whitish layers 
like sheep.'s wool, shows rain within 
2k hoars 

Alto-stratus: dense sheets of yraty-or 
blue, shows/ light rain in 2k hours. 

- surface to "6; 500 ft. fc 

r \ V X 

St rato-cumulus : rounded puffy layers, 
shows no rain out orings»bad 
weather 

Stratus: gray* layer, or iTftijs drizzle 
Nimbo Stratus: dark, shapeless, 
bl ankets tne SKies, orings heavy rf in 
or snow. 



2. 

Low Clouds 
1 



2 
3 



FAMILY IV, 



j, 



Towering - oases starting at loout 1,600 
ft. and tops as high as 40\000 ft. / 



1 



Cumulus: dense, Duffy, giant white* 
cotton, brings good weafner 
Cumulo-Nimous: dense, towering, -dark, 
brings severe thunderstorms or 
tornadoes in summer. 



• t Each 
Each is a 



4 at/mc 



of the above tells something about the 'aumosphere 
clear biHjDoard l w f you know how to read it. Fo.r 
^example, cirro-cumulus , and cirro-stratus (both high clouds) 
occur in the front of a storm center and show that it is 
coming. Nimbo-stratus (a low cloud) brings £teday rain or 
snow. It brings bad visibility, low ceil-ings, and of*ten * 
icing conditions. Cumulo-nimbus (one of # the towering* „ 
clouos) means violent weather: ligntning, thunder, hail, 
downpouring rain, and very high winds (figure 3-:9) • The 
rain storm, that comes with cumul o-nim-ous may create great 
.destruction. * - — 



FORMS OF WATER ( PRECIPITATION ) 
RAI NT 



The water droplets in a cloud are tiny, so tiay that 
you could not'see them without a microscope. They are 
1/2,500 of an inch in diameter. They are'too light to Sail 
to earth. iSut these droplets bumfx -into- one -another and * 
join* This is called coalescence . When the drops get to 
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be at least 1/125 of an inch they are heavy enough to fall. 
The most common coaTestfence happens when ice. crystals and , 
water droplets form near one another in a high cloud. The* 
droplets evaporate <back into water vapor. The water vapor 
bumpsinto the ice crystals and condenses again but this 
time as snow or ice pellets. These* are heavy enough to fall 
towards the earth. As they fall tVirough the warnjer air at 
lower, alti^ud'es, they melt into large water drops. These 
reach the earth as rain. * 



r 



SLEET, HAIL, SNOW, FOG 




Sleet is really half-frozen rain. It forms wfre^drops 
fall through a layer of freezing air. The rain will not 
freeze unless it comes into contact with some hygroscopic 
nuclei , dust. -''Only then does tVie rain partially freeze. 
When it hits the ground it freezes. -This happens in winter. 
It is dangerous;' its weight has been known to crush cars and 
destroy trees. 

Hail usua/lly occurs in the summertime and is commonly, 
connected witfn thunderstorms. This is because hail can^nly 
form in very rough air. A piece of hail is really a series 
of ice circles, one inside the other?. One circle is clefr 



is soft wnitisn ice 



and so on. H; 
cumul o-nimbus 



11 



the cl oua , . i t 



hard ice ahd the next 

pellets are farmed in the nigher parts'of 
clouds. As the frozen drop falls tnrough 
collects a coating of water. But oecause of* the strong 
winds within this giant cloua tne pellet is tossed oacK 
upward and the wa±er freezes into anotner ice layer N Jhis 
goes on with tne pellet falling ana 9eing tossea baCK up 
'until it is heavy enough to fall down through tne lifting 
power of the wind. Then it falls t(Tea£th. v Most' of tne 
time it reaches the ea.rth as 
in diameter and weighing one 



by meteorologists. Hail can 
especially since it commonly 
crops have been harvested. 



ice. Hailsrooes o f f f our 'inches 
pouna nave often seen recoraea 
be terrioly destructive, 
comes 'in summer before tne 



Snow results from water vapor condensing at a . 
temperature, below 32°F. Tiny ice particles form in this 
way. They join and have enough'weignt to fall from a cloud. 
About 12 inches of sniow make the same amount of water' as £ne 
inch of rain. But the wetter the snow, tne more water it 
brings. This probably, explains why people talk about, fine 
powdery or wet saow. 



r 
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4 * Fog is simply a big cloud lying close to the ground. 
^ Fog forms* when a mass of cool air moves in apjd mixes with 
warm air that has a high relative humidity. /When the 
temperature of the damp air drops to its de/ point , fog is' 
formed. Of the millions of water droplets/that make up a 
fog, each has a speck of dust or smoke as its center. 

So . t o have fog three /conditions mpst be. present : A (l ) 
moi9t air, (2) a breeze, and (3) a combination of warm and 
cooU temperatures. Fog does not give much. water to the r * 
earjjh's surface; x but Undoes give us «a 'big problem: ^ it 
hinders visibility both at sea, on land, and in the'air. 
For sailors, fog has Always been a dangerous enemy. It has 
made navigation dangerous and sometimes impossible. 

Fog occurs commonly at sea<. When a mass of warm air 
passes firsjt over warm water an6 then moves Over colder 
water, .fog isr likely to form. Jhis processes calle'd* 
advect ion . Advection here means movirca f orwa rd . The 
1 heaviest fogs occur when two large bodres of water, that ate 
next to each other have v.ery different temperatures. 

But no matter where fog, occurs, the most important 
condition for making it is the difference between the air's 
temperature and its dew point and how much cpoling is 
necessary to reach the dew £oint. An example would oe a 
mass of air that moves onto the coast of England cftkJLng the 
Winter. The temperature might be l 38°F with a dew feoint of 
• 36°F\ Therefore, only 2° of cooling will be needed for^fog 
to form anid cover the coast, 
v 

< 
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STUDY QUESTIONS: 



1. A cloud is defined as: ■■ . 

, a. p mass of water vapor* 
b\ ^iny particles of dirt-, 
c. both a and b. 



2. a. Howjs fog. formed and how is it different froma cloud? 



b. What three conditions must be present? 



(1) 
(2) 
(3) 



3. As water droplets ride air currents, three things, can happen:* 

a. evaporate, freeze, fall back -to earth. 

b. reevaporate/ form ice crystals, condense. 

c. * reevaporate, form ice crystals, fall back to earth. v 

4. Name -the four basic groups of clouds: ^ 

• a. * 

b. * - 



c. - 

• d> '- — - ' . ' 

5. Appearance and altitude together combine for still another grouping 
of clouds. Name the four major family groups and list the clouds 
'found in each. 

■ 1 • 

Family I __; > ■ 



b._ 
c. 



Family .II 



Family III 



b<~ 



a. 

b/ 

c." 



Family IV 



a. 
b." 
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6. 



Look at the pittjures of clouds below and label them from the following 
list. * . 




Cirrostratus 
Cumulus- , 
Cirrus 

Cumulo-Nimbus* 



7 



/ 



* * 
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7. - look at the conditions be^ow^and .identify what type of precipitation.. \ 
~ might occur. The correct c'hoices are listed below:, * > 

'X * > ' 

-a. r Cool air moves in.. a^d mixes with warm air-having a high 

••^relative humidity./ The temperature falls.below dew* point 

and a_^gentle bre>ezeyis- blowing" ^ \ , 

b. In. the wintertime, the upper^aif is 0°F, jwater vapor condenses 
an<j forms Ice crystal s^nd it floats to the ground 



c* 



d. 



tfater vapor has condensed on* objects that havf cooled below the 
condensation' point of the air around thorn. t Relative humidity 
•has reached 100% * \' [ . ' ' S 

Water vapor changes "directly to .jce crystals 'on contact with - 
an*object • , to 



^e. Moist air is cooled to the point where -the moisture 'condenses 
into, heavy dropsy The droplets grow to 1/125 of an inch'in 
diameters The tempera Uiry| is 60°F _. " . 

f. The temperature is 98°F } Cumulo-nimbus clouds 'are present. 



The w^nd is. very strong within the cloud, 



(i) 

(2) 



snow- 
frost 



(3) 
(4) 



fog 
hail 



(5) 
(6) 



ram 
dew 



FIND THE MASTERY WORD: 



8. 



a. 



b. 



18 19 20 



d. 



1-2 3-4 5 

IT 13 14 Ttf.T6 

21 22 23 

lA 25 26.^7 "28 29 30 31 



6 7 8 9 10 11 



'What it. is called when rain .droplets 
■bump into each, other. - '^^j*- 

What it is called when a rnass^ of 
warm air passes ^-irst Q>er warm 
water and \then ov^r^caldSr water. . 

A' big cloud lying close to the 
ground. , 

Height 



e. 



32 35 34 35 36 37 38 39 40 41 42 
41 44 45 46 47 48 



Dust 



fill in' the blanks above. Then find the number of the letters-needed 
to fill in the word below. The' above words are all related ^td should 
giveyou a clue as to what the mystery word shoulabe. 



MYSTERY 
WORD: ; 



70 35 31 1 18 40 18 26 12 26 18 22 9 
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VOfrABU^ARY SKILLS : . ; • 

'Define the fo^I lowtng words atc^rding to the definition given in the t§xt. 
.Precipitation, i/\ • * 



Z\ Hygroscopic nuclei, 

3. AUitude. 

4, Coalescence, 
,5. Advection. . 



BRAIN TEASER: 



*1 



Study tb^xlouds, wind direction; temperature, and air pressure on a 
given day and try to predict the. weather on your observations. 



\ 
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WINO ANO WEATHER 

Wind blow? in different directions w ith ^ di f fe rent 
forces because of uneven atmosphetic pressure; i.e., forces 
trying) to push, air from higher pressure to^lower pressure.** 

Air in motion is Called wind. Although we a,r-e uoaDle 
to see the wind we can see what the winds casry leaves-, 
dust, etc. n* / 

This was a great mystery to* ancient man because he 
thought there was nothing there. He did not realize that 
the wind was'really a weighty substance in motion.. He aia 
not understand that rivers of air 'were really flowing atross 
the sky in a different direction with different forces. 

Winds af»e of fundamental importance in maki/g our 
weather what N it is. In the first place, the mcKiori itself 
is a weather factor of importance a quiet winter's day 
may be pleasant and a windy day may be disagreeable. In the 
second place, the physical condition of the air\is largely a 
function of its soujce and ^hori zontal movement. 

The wind*blows in- a different direction with different 
forces because of uneven atmo'spneric pressures. You already 
know that there are differfent temperatures all over, the \ 
earth. One area heats quickly while another heats more 
slowly. With these different temperatures, the atmosphere 
also ha s s different air pres*sufes. These pressures try to, 
balance themselves. If yq^u fill a child's balloon with air 
and then release it /fffb will see how different air pressures 
try to balance themselves. The air inside the balloon will . 
rush out to meet the lower 'pressure air outside.' As you 
already know, normal air pressure is approximately 15 lbs. 
per square inch. The air inside^tries to reach this . 
pressure. In a similar way, winds are cajjsdti by the forces 
trying to push air from higher pressure to lower pressure. 

OIFFERENT WINOS^ 

There are many kinds of winds. There are lo.cal winds 
and global winds. Local winds are,, mainly caused by 
convection '( figure 3-10). Local winds blowing over the land 
or blowing over the sea. are usually shallow and go" short 
distances*. They do not stretch around the earth. These 
local winds blow from a high-pressure area to a low-pressure 
area. • % \ 

, ■ ■ ) - ? 




Figure 3-10. The Formation of a Cumul us._Cloud by Convection 
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The sun heat^up ihe land during the day. And the }.and, 
'heats up the air. As you know the air then rises. When it 
rises, it leaves an empty place where the cool, heavier air 
rushes in' to fill the empty place. The air rushes from high 
♦pressure to low pressure: At night, the reverse occurs _ and 
so the winds reverse their difectiorK. Along the coastlines ( 
of the tropics this process is as dependable as anything 
known in nature. It is true that the hotter the climate/ 
the stronger and farther the- breezes blow. You can compare 
this' process to water flowing down a hilT. The greater the 
differences in^pressure (temperatures), the steeper the 
hill. The steeper tjae hill the stronger the winds will - 
bl ow . * , "' ... 

The larger, more far-Teaching winds really act like the 
smaller, local ones. But they act on a larger scale: they 
travel much farther. In fact, they travel over the entire 
earth. And so they are, affected by the main influences that 
govern the earth. 

There are great bands of wind that blow all the way. 
around the Northern and Southern hemispheres of the earth. 

Like smaller winds our greatest winds are powered by a 
difference in temperature. Biit in the case of the global 
winds, the temperature difference is between the freezing 
poles and the hot egua^or. I 

Basically, the air at the eguator, the Dolorums zone 7 , 
heats up higher than anywhere else on -earth. As this air- 
heats it rises high into the atmosphere. Much of tne air 
rises, expands, condenses, cools, and creates huge _ thunder . 
clouds. Here tropical storms isccur often. This kind of 
weather occurs for about 1,000 miles north and south of the 
eguator^ ' 

Some of this eguatorial air rises very high above the 
eguatob and begins to flow toward both poles. By the time 
this air reaches about 1/3 of the way to the North Pole, it 
has cooled and begins to sink down toward the earth's 
'surface. This sinking air forms an area of higher pressure 
around the earth at abput 30° latitude. In the northern 
half of the earth it occurs at 30°N latitude; in the* 
southern at 30°S latitude. These are sometimes callea the ft 
horse latitudes probably because during, the early days, 
sailing ships often became dangerously becalmed in waters on 
this part' of the earth. The weather was so calm, the 
sailors tossed their heaviest cargoes over the side just so- 
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the ships could be lighte-r ,and take advantage of a tiny 
breeze. The heaviest cargo was their horses. So these wind 
belts are known as the "horsed latitudes. 

At the same time as the equatorial air is making its 
trip, the cold polar air masses are beginning their trips. 

It seems' as if the ait masses are moving in^two simple, 
straight rivers. But the process is more complicated. The 
rivers are bent as they flow. The spinning of the earth on 
its axis from west to east stops the air from traveling 
directly north or south-. The rivers of wind are turned and 
bent into a complicated system of wind .currents (figure 

3-n,.- . j> 

This is 'known as the Coriolis Effect . In the \ 
Northern hemisphere all air headed south is twisted and 
blows toward the southwest and in the Sputhern hemisphere, 
the &ir headed north is twisted and blows northeast. 

Meteorol oqists refer to winds not 6y tne direction 
toward which t v hey are. blowing but ,by the direction from 
which they come. So, a wind blowing toward the southwest is 
called a northeast wind. 



The air headed north is twisted to the-northeast an 
is called by meteorologists a southwest wind. 



The winds £hat blow from the horse latitudes south 
toward tha equator are the trade winds. These are the 
steadiest winds t known to man. They are called the "trade" * 
winds because the earliest traders relied on them for * 
constant, dependable weather. 

The air flowing' northward from the horse latitudes is 
' also twisted 'by the earth's spin and flows 4o the northeast. 
Meteorologists call this wind a southwesterly (or l the 
Westerlies), again because of the direction it is coming 
from.. These Southwesterl ies are called "the Prevailing 
Westerlies" and blow in a giant belt around the earth from 
the latitude of northern Fl orida to the latitude of 
Newfoundland. 'In other words, the Prevailing Westerlies in 
the Northern hemisphere occur from about 30°N to 55°N. Most 
of the United States is included in this area. 
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Figure 3*11. Simplified General Circulation of Air Over the Earth 
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Most of the people in the world live in "30 to 50 
' latitudes which are generally known as the Temperate Zone . 
Both cold and warm air alternate in the Temperate Zone. As 
a resul't it is characterized by* sudden changes in the 
^weather. . , * 

There is another great wind belt encircling" the earth. 
There are freezing cold winds sweeping over northern Canada 
and Siberia. These winds come partly from the North Pole 
but also from .that first mass of air we talked about that 
started at the equator. You remember that' p^rt of that air 
rose into altitudes high above the earth. Some of it sank 
dowji to form the Trade Winds. Some of it sank down to form 
the Westerlies. And some of it went on to the top of the 
earth where it sank. Here it was cold and hea.vy and formed 
an area of High pressure. These winds bulge out to have a 
northeasterly direction in the Northern hemisphere and a 
southeasterly direction in the Southern hemisphere. T/iese 
winds are called the Polar Easterlies. 

In summary, there are four major classifications of 
prevailing winds: 

1. The Doldrums, the equatorial belt of light and 
variable converging* winds % .# 

i 

2. Trade winds, bands of easterly winds 

3. Prevailing Westerlies, which provide most^of the 
air flow over the U.S. 

* A. Polar Easterlies, a zone of poorly developed 
surface wind. 

Together th£y form the general circulation of the earth's 
atmosphere. 

However, there is also a^pattern of smaller wind 
systems within the larger pattern. These smaller winds 
ocpur simply because the earth Itself is not the same shape 
over its entire surface. Oceans and land area, do not heat 
up^equally during the year. 

! Oceans heat up more slowly, but also cool more slpwly 
than the land. As a result, in winter the water cools more 
slowly than the land masses. Different areas of pressure 
are the result. And so we have smaller circles of air that 
can be called •'•secondary'' circulation systems. In 
actuality, we have small parts of the primary wind 
circulation, changed and moved into smaller circles of air. 
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Looking down at the earth from a satellite we, could see 
tHe giant wintf belts. But we could also see the other 
circles of air spinning around. Some are spinning clockwise 
(highs) and others are spinning counter-clockwise (lows). 
Some are over the ocean's; some ove't the continents. They 
change* a bit as the seasons change but the .same general ' 
areas seem recognizable. In fact, they seem very mucfi £]p ke 
throughout the year, and remain in the same place. Theyf are 
so much the same/ they can be named. Their names come from 
the general regions in which they are found. Together, they 
are called centers of action . ^You can easily^ see why. 
Some are high-pressure and same are low. They are centers 
of action because as high and low-pressure areas, they act 
as grefrt wind iTvachirfes. Often these ^ind machines decide 
the weather for an entire nation or even an entire 
continent. They bring cold and warm winds over far 
distances^ but not as far as " the- primary , worldwide winds.' 

HIGHS (ANTICYCLONES) 

An easy way to understand these high and low-pressure 
areas is to first picture the earth's atmosphere as a 
closed-up room (f/lgure 3-12). The windows are all sealed ■ 
and the blinds a^e tightty closed. Even- the crack under the' 
door is stuffed ^with cotton. In this room, there is no air 
circulating. The dust in the air settles. In this room the 
air pressure is the same everywhere. There are no highs. 
There are no lows. There are no temperature differences. 
There are no humidity differences ---and,- of' course, there 
are no winds. '« . *~ 

now, pretend that on a winter ni you opened one 
window slightly. At the saroe time you lit the wood stove 
that stood about five fee* across from tt>e window. What do 
you think would happen to the air inside the room? 

Above the stove, the air getting warmer and warmer 
would rise and expand. Within a short time all the air 
aboveVthe stove would be lighter than the general 'air in the 
room J ivhe air above the stove, being 1 ightervwquld be ^ 
exerting less pressure on the floor under it. This air is a 
minictetfre* example of a low. 

* fc 

The air in the rest r of the room", especially near' the 
window, would be cooler and would be^squeezed down by its 
own weight to th.e floor. It would be trying to seek a place 
to go. This is a miniature example j)f a high. The air. in 
the high would naturally flow towards the less pressurized 
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® A closed »up room. Stove is unlit'and window is shut. 




(D Cold air flows in through open window. Air rises over foot stove 
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Figure 3-12. Example of Air Pressure 
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low. Once it reached the low, it would get heated and rise. 
Of c'ourse, the areas of greatest pressure or lack of -it (and 
also greater movement) would occur closest to the cold'air 
coming in the window an6 the very hot air rising abov v e the 
stovre. Imagine these low and high areas in the atmosphere 
multiplied in ajrea and yolume by: millions of cubic feet and, 
you can see how ^lows atad highs make a circulation system. 

Local high-pressure,* areas will develpp anywhere air 
^cools^ compresses a^fd falls. When *a high-pressure area , ( 
'forms, .the air begins to flow outward to a local 
low-pressure system. In the Northern hemisphere, this air 
spins clockwise. t " v 

^Anyone who lives in the Eastern United States i§ really 
inside* this giant spinning clock of air. The center of the 
•clock is the Atlantic tDcean. The outer 'edges of the clock 
are winds that touch at least 12 separate nations. The 
winds in this high center blow from the northwest coast of 
Africa straight 'across the Atlantic Ocean to the east coast 
of the United States'. Then they go back across the Atlantic^ 
to England, doy/n the western coast of Africa. They havfe 
completed their circle and will start again. This cen.ter is 
known as the Bermuda High (figure 3-13). There are other 
major high-pressure areas, most of which exist close to the 
poles. There-is -a tonstant .high over Greenland all the time 
because of its ice cap. * _ 

There are highs southwest of Cal i f ornia m and near the 
Azores^icu the Atlantic. And, there is one in freezing 
Siberia. * 

LOWS 

There is only one stable low-pressure area on the 
earth. This, as you would expect , is in the Doldrums near 
the equator. There are, however, smaller lows found all 
over the earth. Fob example, rtfoving low -pressure areas are 
frequently found jusK in front of the polar highs. These 
areas are formed by the interaction of the cold polar air to 
the north and the tropical^air to the south. These areas 
are called migra tory 1-ow's (figure 3-14). 

' v_ i 

MOUNTAIN WINDS AND VALLEY WINDS 

As yo.u f ve aftready seen, the different surfaces on the'" 
earth heat up at different rates. TS^ese differences on a 
gigantic scale effect the glt&al wind system^ and create 
smaller but still yery Sizable centers. 
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Figure 3-13. Bermuda High 
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Figure 3-14. Global High and Low Pressure Belts- 7 
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On 'a* even 'SmalleX scale, the-same process holds true. 
The heating and cooling process explains mountain and valley 
winds. * - 

On a^warm, sunny day, mountain slopes are much warmer 
than the air at the same levels. This hfeating causes 1 the 
wind to blow upward from thfc 1-ow^er valley. 

The slopes get colder at night than the air around 
them. .Then the wind flqws downward inta the valley. These 
winds can reach very high' speeds. * 

MONSOONS 

The monsoon is a very strong ^ind that comes^ „ 
regularly. In some areas, like Southeast Asia, the fnonsoor] 
comes to the land as regularly as summer or winter. ;Again, 
the process that creates monsoons is a result of high and. 
low-pressure areas. As the millions of miles that make, up 
the continent of Asia begin to grow^/ot in "the spring, the / 
ground dries out and gets hotter. At the same time, the 
Indian Ocean is changing its temperature but more slowly 
than the land. And so the air over the ocean remains much 
cooler tfhan that over the vast land mass, As the land 
continues heating, a low develops*. The low over the land- 
draws the cooler, moisture-filled air from over the ocean. 
As the air pushes over the giant continent, it begins to 
cool. It condenses, and rain begin's .to fall in huge 
quantities, wetting the lands and irrigat irjg , the crops that 
provide foob for the millions of- people, in Asia. It is 
common for the southeast coast of Burma to have 200 inches 
of rain from mid-May to September. Wijthout the monsoons 
millions of people would starve. In/^he winter the process 
reverses itself with the winds flowing off the Continent 
towa rd the ocean. s 

THE BEAUFORT WIND SCALE * 

Recall that the instrument used to measure wind 
direction and speed is called an anemometer. The simplest 
form of this instrument, you remember, is the weather vane. 

The ,Navy uses the anemometer all the ti ? me ; Practically 
every commissioned vessej. carries an anemometer. The wind 
speed is recorded in knots, 
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There is aT?Tr a scale called the Beaufort Wind £cale , 
Th^s was, invented in 1805 by Admiral Sir Francis, Beaufort of 
the,, British Royal Navy, After years of sailing , ^dmiral 
Beaufort . drew up a scale of the winds according to how 
powerful they were,- The scale runs % from V ta 12 with 1 
'representing the lightest winds and* 12 representing , 
hurricanes and typhoons. He also described what the sea 
acted like' in such winds and even included the height of the 
waves,- , S 
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STUDY QUESTIONS : * 

1. Study tRe chart be\®vi and label the winds by name. 



d. 



c. 
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2. On the gl obe below , label the global winds 
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. a. 

b. 

c. 
*d. 

e. 

f. 
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3. * Why do the winds no\ travel directly from north to s-outh? 

a. earth's rotation around sun.' 

b. earth's spinning from east to west. qp, its axis. 

c. earth's spinning from west to east'tJn its axis, 

4. True or False: 

a. High pressure develops where air cools, compresses-, and sinks; 
"and flows toward low pressure. - T F 

b. Low pressure is 'formed between two highs of different temperatures. 

T F 

5. Secondary circulation ^ystems of air are caused by: 

a. the shape of the earth's surface. 

b. heating and cooling of land and water. 

c. both a and b. 

6. Air must always flow (outward, inward)* from a high pressure at?ea. 

7. Complete the chart below wjth facts about highs and lows*. % • 

Highs t Lows 




tteather & ^ 


Air Circulation 
* 


Winds 






Temperatures * 







9 8. The belts of high pressure found at 30°'north anj s'outh latitude are called: 

"a. trade winds. 

b. Doldrums. ) 

c. horse latitudes. 

9. ' The most steady wind belt in both speed and direction is the: 

""aT trade winds. ^ 

b. prevailing westerlies. 

c. polar easterlies. 

10. ^The Beaufort Wind Scale measures: 

a. how winds change. 

b. what direction the wind blows. • 

c. how powerful 'the winds* are. 
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IK An area of the world in which monsoons occur regularly'ir: 

a. ~ Southeast AsVa^ * 

b. South America. 

c. South Sea,Isl|nds, ' - - 

12. Winds are caused by: , 

• a. ' forces trying to .push a^from a higher pressure to a lower pressure. . 
S 'b. forces trying to push air from a lower pressure to a higher pressure.\ 
c, the .heating *and cooling of the earth's surfaces at a consistent Wte^\ 

13. The larger winds. are affected by: ' 

t * a. the earthy rotation. * • - . 

b. * difference *in temperature. 

-c. .both a and \t? s « \ 

* \ 

14. What creates. a mQnsopn? * \ 

a. high pressure over* mountains. * * f 

'b% low pressure over ocean and high pressure over land. 

c. high pressure area over the ocean and a low pressure area 
over the Hand. ' . _ ] 

15* Wind speed il recorded in: 

a. mi]es per hour (mph). * 

b. '" miles per second (mps). 
* c. knots." # 

d. fathoms. ; 1 *" . 

VOCABULARY SKILLS : % I 

Define the following words according to the definitions in the text: 
,1. Coriol is Effect: 4. Horse latitudes. 

2. Temperate Zone. ' 5. General Circulation. 

•3. Migratory lows. ' ' 6. Centers of action. 

» 

B RAIN TEASER - ; 
* 

Find out how cfi mate affects mode 'of. transportation. -Choose three 

different clima-tic regions of the^orld.. Explain^what mode of 

transportation y^ru would use in each area and give reasons for your 

choice., • * . 

. Collect old -"weather sayings" and discuss if true or false. 
Example: ."Red sky at night, saijors delight." 

Try to' estimate win'd speed and direction by seeing* how it affects trees, 
^ flags, etc. Were^you successful? What could you do to check your estimates? 

' - * • 
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FRONTS AND STORMS 

** A front' is a line that /divides -two different air 
masses. Its name depends on the type of aii present and the 
direction the air is moving. ** 

You already know that an* air mass is a large body of 
air that has a partifeular character: temperature and 
wetness. This character is shaped by the land sux-face or 
water surface over which the mass has formed and stayed, 
often, for a long time^ Over the earth there are many areas 
where such air masses collect. ,VYou might'think of each such 
area as a weather machine getting ready to distribute its- 4 
product. But, of course, these air' masses do not^tay still 1 
forever. They move. Once these air masses (or weather 
machine products) begin to move, each carries its brand of 
weather with it. And when these air masses crash into one 
another somewhere lover the earth they-have a fight for 
domination. Each air mass struggles to conquer the other. 
Until one air mass wins, the v/eather in the area will be 

b t . • , 

' \ A front is simply aline that divides two different 
airNnasses tnat have met in a head-on collision. When they 
meet in this collision^ the area where they meet is Gallea 
an area of convergence (air coming together). Because«the 
two *air masses are so different in character, they refuse to 
mix and begin warfare.. The frontal line can be very long 
50, 100, even 200 miles. The masses struggle against one 
another and refuse to mix. They are like oil and water. 

A mass of cold air moves into an area dominated by 

warmer air. The fight begins. If the mass of cold air is 
larae itwill eventually dominate. It is heavier and pushes 
in, ^forcing the warm air upward. 

Try to imagine yourself living in a city wnere this 
change in weather is occurring. What would. you expect? It 
is a nice da/. The air" is warm and moist. There are 
cumulus clouds.*' But as the cold air mass begins to' move in, 
the winds, increase and the warm air is pushed upward. V 
rushes up quickly. Now the clouds look heavier and darl/er. 
As.the^front reaches the city, you are drenched with rain 
showers perhaps for two or three hours while the air masses 
battle . * 

Then the showers stop, the, weather cools, the sky » 
clears, and the air feels much drier. When a warm air' mass 
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approaches a colder stable massif air, the warm air, being 
lighter, usually goes up o,ver the cooler air. It is almost 
as if the warm air has to glide up a hill. It spreads out 
and the result is that sometimes 300 miles # ahead of the 
center of the mass, there will be clouds, fafn or snow. 
* 

You can see now why weather in the tropics or at the 
.poles is much more unchanging than'in the temperate zones. 
^After all, for vast distances fn the Tropics or in the poles 
the air mass is basically the same. But in the Temperate 
Zones, frontal (battlezone) weather is* common. 

The earth fjas primary areas where fronts are mo'st 
likely tp develop. These are the Intertropical Convergence 
Zone, tire Arctic Frontal Zone, and the Pofar Frontal Zone. 

The first of these frontal 'zones is formed in the 
Ooldrunvs, a zone of very light and irregular surface winds, 
occurring between the belts of the Trades in each of the 
hemispheres. In this zone, small air masses rise from the 
surface partly because of the high equatorial temperatures 
and partly because of the slight differences in air masses 
coming in from the northeast and southeast trades. Smal 1 
differences in heat and therefore in weight cause one^mass 
to be forced upward on top of the other. The result is a 
little front called an intert ropical^f/ont . These fronts 
produce short thunderstorms called squal 1 s . A sailor in 
tropical seas can often see four or five of these squalls in 
progftess-cft the same time. 

* The Arctic Frontal Zone • devel ops between the true 
arctic^air of the far North and the polar maritime air of 
the North Atlantic and Pacific Oceans. 

The Polar Frontal Zone^is formed by convergence of the 
Polar Easterlies and the Prevailing Westerlies. In other 
words, this is- the Temperate Zone and the polar front is the 
place where the battle between the cold polar air and the. 
warm tropical air takes place. During the winter the 
contrast between the two masses is very strong and the 
heavier polar air fights 4ts way 'farther South. When the 
polaT air wins this battlecJuring the winter, the southern 
United States -experience what weathermen call a cold snap. 
What is a cold snap? It is nothing more than the dominance 
of polar a|r over previously dominant warmer tropical air. 
All. these frontaL zones ,' the Intertropical Convergence Zone, 
the Arctic Frontal Zone, and the Polar Frontal Zone, are, of 
course, permanent. They extend around the* earth. 
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CONDITIONS. OF A COLO FRONT 

to * 

1. Darkening of the horizart to the west and to the 
north jP 

2. Lowering of clouds and heavy rainfall for a short 
time 

3. Shift of wind to a westerly direction 

4. Rapidly clearing weather 

5. Large drop in relative humidity. 

Usually a cold front moves, faster and more steadily than a 
warm front . * ^ 

CONDITIONS Of^ A WARM FRONT 

1 # First, the appearance of cirrus clouds, then 
stratus clouds, and then some strsTto-cumul us 
clouds 

2. Gentle rain or sr^ow increasing in intensity 

3. Just before the front passes, fog or low black 
clouds and continued light rain 

4. Clouds lifting, rain or snow stopping 

5. Temperature Rising, 

* 

The warm front tfrings rain for a longer time. The rain 
covers a*wider area and the rainfall is gentler. 

CONDITIONS OF AN OCCLUDED FRONT 

A cold front moves much faster than a warm front. So 
it often happens that the cold front overtakes a warm front 
in its path. Two conditions can occur. 

Condition 1 

%"he air at the front of the rushing cold air mass is 
usually- much colder than the air at the back of the ' 
retreating warm air ma_ss. In this caSe the cold air 
will run right under the warm air ahead of it. 
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Condition 2 

But sometimes the air at the front of the rushing cold 
air mass is actually warmer than the air at the back of 
the retreating^ warm air N mass. In 'this, case the warmer 
air will /fun up over the cooler air.* In both occlude* 
conditions the weather will be violent and very wet. 



Scientists believe that thunderstorms mainly occur 
because of the height to which moisture-filled air is 
lifted. The air is lifted again and again until it 1 forms 
huge, cauliflower-l.ike clouds: giant .cumulus and 
cumulo-nimbus clouds. These clouds are actually six or 
seven miles tall. Thunderstorms occur inskle these. Within 
the giant cloud there is wild activity. Violent air 
currents rush up and down, sometimes going 100 mph. Violent 
winds pour out of^ the cloud as do flashes of lightning. The 
lightning causesftlaps >pf thunder. Inches of rain occur in 
only a few minutes. 

A thunderstorm occurs in three stages: cumulus, mature^ 
and anvil or dissipating. 

The first or cumulus stage usually occurs during the 
early part of a very hot humid summer day. The earth heats, 
especially over surfaces like concrete or sand, and the air 
above these surfaces becomes warmer than over other 
surrounding areas like. water. The air rises with its water 
vapor. As it rises it cools until the water condenses. 
This condensed water is the start of a cumulus cloud. Heat 
is released by the condensing water and so the air goes even 
higher and higher. This cloud grows and builds as the 
updraf ts continue. 

The mature stage is characterized by strong updrafts 
and stxong downdrafts within the cloud. As the warm moist 
air keeps rising through the surrounding cool air, the cloud 
gets even larger and larger. Finally, the top of the cloud 
is towering several miles above the earth. Out of this 
giant pile of rushing winds and water and ice, all smashing 
against one another, come the thunderstorms. As the strong 
warm winds are blowing intb the forward part of the storm, 
swift currents of'colfler air are rushing downward in drafts 
from the higt^r regions of the cloud. f ) 
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The last stage is called the anvil or dissipating 
stage. It could also be called the cloud's oljd age. During 
this stage the downdrafts take over. Rain fails heavily, 
creates more downdrafts , *and the stornj becomes less violent. 
The giant thundercloud breaks up into broken stratus clouds 
with raggedy edges. 

' Inside the mature cloud, the wind currents surge up and 
down. These currents actually tear apart the water droplets 
that are being whipped around in the cloud.* This .tearing 
apart of the droplets sets up electrical fields. in the 
highest parts of the cloud as well as in the lower parts. 
These are positive charges. In the middle of the cloud the 
charge 'is negative. A lightning bolt is produced by these 
charges much in the way a spark is produced by a' spark coil. 
A first spark followed by a main spark leaps forward, both 
working their way from cloud layer to cloud layer, from 
cloud to cloud, and, sometimes, fi'om cloud to ground. 

One single lightning bolt may develop 12 million 
horsepower and travej. one half mile in less than ten one 
millionths of a second.!' 

The thunder we hear is the air surrounding the 
lightning bolt expanding so quickly it explodes. This is 
the crashing sound of thunder. 

• 

' Thunderstorms are common in the southeastern United 
States, northe-rn Bra-eil, and the monsoon lands of Southeast 
Asia. f / 

TORNADO 

The tornado is the most violent storm known to m$jy. 
In^fact, the winds of a tornado cannot be exactly measured 
because they destroy every w ind-measuriog instrument.; No 
natural storm can match the tornado in causing destruction. 
No natural storm can match the tornado in its crazy, 
twisting path. In 1896 a % tornado hit St. Louis. It caused 
$12 million in .damage and killed 306 people. This same 
tornado tore up and destroyed an entire house but left a 
bench along an outer wall of the house untouched. The 
destructive and unpredictable tornado is usually only 300 to 
400 feet across. It travels slowly and quickly moving at 
anywhere* from 25 to AO mph. However, the winds within the 
center of the tornado are very fast. They whirl around 'at 
speeds that often go over 300 mph. 
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Tornadoes grovronLy during thunderstorms. In fact, 
they are really one wind system at the end of a thunderstorm 
that drops off and increases in spee.d and size. Inside the 
tornado is a severe low-pressure area. In fact, if a 
tornado touches down to the ground over a closed building, 
the Jbuilding will explode. It will explode because of the 
sudden difference between the high pressure inside and the - 
lack of pressure outside. Within the center of a<tornado 
thei;e is a 100 to 200 mph .updraft. Tornadoes have been 
known to suck up houses, steel * girders , and even steam 
locomotives. 

1 Tornadoes are most common in spring "and summer. The 
center of the tornado area in tfie Urlited States is eastern 
Kansas. 

Over a lai*/ or ocean a tornadcS funnel will suck up 
water and create a waterspout . The largest and most 
spectacular waterspout ever took plape in 1896 in* Martha's 
Vineyard off Massachusetts. This spout was about 240 feet 
in diameter at its base near the water and 840 feet in 
diameter at the cloud base. ■ 

TROPICAL CYCLONE (HURRICANES) 

The tropical cyclone is a violent j storm that forms as a 
spinning circle with winds of more than 74 mph whipping 
aroun'd a low pressure area. 'In the Northern hemisphere the 
winds plow counterclockwise; in the Southern, they blow 
clockYise. But thye result in either hemisphere is a violent 
tropical storm. In fact, the tropical cyclone has so many 
degrees of strength it is subdivided into three type^ 
according to how fast their winds aire blowing: 

' 1. a Tropical depression — maximum wind, less than 
34 knots 

2. a Tropical storm maximum wind, 34-63 knots 

3. a Hurricane or Typhoon/-- maximum wind, 64 knots 
and up. 



There are areas in'theworld where atmospheric 
conditions* are perfect for the storms to breed. Each area 
is over an ocean.. These are in the northern Atlantic and 
Pacific Oceans, in the Indian Oce^n, and in the China- and 
Arabian Seas. And wherever the cyclones occur the people 
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have given them names that show their power. Off the coast 
of Florida they are called hurricanes. The word "hurricane" 
perfectly shows the people's fear of these storms. It comes 
from the name, Huracan, the West Indian God of the storro. 
-The cyclone in" its strongest form is, indeed, the god of 
storms. 

If you were to gather two trillion tons of air, stuff 
them into a'circljs of about 300 miles, and spin them at. t 
about 100 mph you would have the outline of a hurricane. 
Put this giauit whirlwind over an ocean which it stirs up to 
20, 30, and. 40-foot waves, fill this air with giant 
water-soaked clouds that drop 15 inches of rain in 24 hours, 
watch this storm move along at 12 mph destroying almost 
everything in its path and you have imagined'a -grown 
-hurricane. 

Of course, the hurricane does not develop all at once. 
Like other weather systems it takes time to grow. 
Hurricanes are ,born in the low latitudes where there is 
plenty of warm 'tropical air. This air heats and rises, 
creating a strong, low-pressure area. Air masses from 
surrounbing highs rush in and because of the earth f s spin 
(this is the zone of the westerlies), the rushing air takes 
on a strong spinning motion. , Meanwhile, the huge clouds are 
fqrming and closing. Picture the air as the water in your 
bathtub being sucked down the drain and you will get an idea 
of the motion. Like all living creatures, tne hurricane 
must eat to live and to grow stronger. Here is why the 
ocean is so important to tne hurricane 1 s devel opmen t . Tne 
hurricane f s food is the ocea/i. It -continues to supply the 
hurricane with water. r 

This water is quickly changed into wate? vapor, which 
is condensed into water droplets. As you know, this water 
vaoor is filled with energy. The more the water vapor^ 
condenses, the more it releases heat to the spinning air. 
And the air rises even more quickly. In short, the more 
tropical air, the more condensation, the more wild energy. 
The cycle will not end'until something happens to change the 
direct source of the energy. This "something" is Vhe 
hurricane changing its patn. 

It is hard to understand how much energy the hurricane 
carries. You can get some idea if you realize that *ia one 
hour the hurricane releases more energy than'700 Hirosnima 
atomic bombs put" together! 
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To ships at sea there is no storm that is more 
frightening than the hurricane. During World War II, 
Admiral Halsey's Third Fleet was trapped inside a typhoon, 
500 miles east of Luzon, the main island of the Philippines- 
Battleships, carriers, and destroyers were tossed around 
like match sticks. Every ship was damaged; 'three were sunk. 
Most survived because they could maneuver and at least could 
try to avoid the middle areas of the storm where conditions 
are always worse. Also, if Halsey could have known 'of the 
hurricane's path early enough, he might have been able to 
maneuver out of the way. Knowing that the winds blow 
counterclockwise in the Northern hemisphere and clockwise in 
the Southern hemisphere you have a chance to avoid the storm 
by using the winds to steer your ship' on a safer course. 

Islands caught in the path of a hurricane cannot move, , 
Such islands can be totally destroyed with trees ripped off 
at their roots, beaches washed away,' and houses washed into 
the ocean by the winds and crushing tidal waves* 

In the Northern hemisphere, hurricanes move westward 
from their starting point (figure J-15), They then curve to 
the northeast. In the Southern hemisphere they move 
eastward, then curve southwest. These winds can get up to 
200 mph. Strangely, at the very center*, called the e%e, - 
'the weather is quiet with light winds, a little drizzle, and 
clear skies. Many persons have been killed when they found 
themselves in the eye of a hurricane and thought the storm 
was over. Leaving their shelters, they were si/ddenly hit by 
the other side of the storm, 

vV Hurricanes grow in strength a-s they mtfve along until 
.^-\ they begin their curve "to the northeast. When they change 
their direction, they move over cooler water or ov^r land, 
and into cooler air. Cooling reduces the internal action of 
the storm and it lessens in power. 

Hurricanes occur from June to December, They occur 
most often in September and October, The general. path 
starts in the Doldrums, The hurricane travels west to northy 
and northeast. You can see why it makesyits curve. At - / 
about 2,000 miles north of the equator it is caught by the 
Prevailing Westerlies, The ea'st coast of the United States 
is *often threatened by. hurricanes because the Hurricanes 
reach the coast before, storms ha-ve'curved away. Even if the 
hurricane/does not strike the coast, the weather it brings 
is so violent and widespread it can soak from Philadelphia 
to Massachusetts and create floods from Georgia to Virginia, 
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• There are certain definite signs of an approaching 
hurricane. During the "hurricane season" navigators are 
constantly on the lookout for these signs. 

THE SIGNS OF AN APPROACHING TROPICAL^sCYCLONE AS THEY MIGHT 
^OCCUR FROM MOMENT TO MOMENT: 

1. during the hurricane season, any major change in 
barometer readings 

2\ any occurrence of a long, low^ swell (long, low 
4 non-breaking waves). * The swells direction shows 

the bearing of the storm's center: 

a. light, feathery plumes of cirrus clouds 

. appearing just before the swell begins ancl 
these fanning out from a whitish arc on the 
horizon * • 

* 

b. sky becoming more and more overcast until the 
dark hurricane clouds appear on the horizon'* 

3. barometer beginning a steady fall; air becoming 
heavy> hot and moist; winds picking up 

t 

4.. humming sound (caused'by rncreased wind speed) 

5. fine>, misty clouds of rain breaking off the main 
clouds; rains increasing to heavy showers, heavy 
showers increase to sheets of rain 

6. sea beginning to roll in mountainous waves (60 ft. 
high) . . \ 

Because severe storms are the greatest danger to 
"bhips, the National Weather Service hoists flags and 
pennants to indicate either the approach or presence of bad 
weather. 

Small Craft Warning: One Red pennant displayed by 

day, and a red light over a 
white light at n&ght, indicate . 
that winds of upHo 38 mph"(33 
knots*)* and sea conditions 
•dangerous to smalj^craft are 
forecast in the area 
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Gale Warning: 



Two red pennants displayed* by 
day, and a white light above a 
red ILghfe at aight, indicate 
that winds ranging from, 39 to ,54 
miles an hour 1*34-47 knots) are 
forecast 



Storm Warning": 



Hurricane Wa rn'ihg : 



A single^quare red 'flag with a 
black center displayed during 
daytime, and two red lights at 
night, indicate that winds of 
55 mph (48 knots) and above are 
forecast 

Two square red flags with black 
.centers displayed by day, and a 
white light be tyeen two red 
lights at night, indicate that 
winds of 74 mph (64 knots) and 
above are forecast for the area. 



The inventipn of the Satellite has decreased the 
lances of a hurricane striking an area without «n h 
advanced warning. The storm' is spotted as it dev^ttps and * 
Bulletins on its progress dnd strength are broadcast ^o all 
those who may be, in danger. Ships and aircraft cair maneuver 
to 'avoid the storm; people have time to leave endangered 
areas or to fortify their ^orrfes againsfthe God of Storms. 




STUDY QUESTIONS : 

1. Where are the primary areas where fronts are most likely to develop? 

a. , 

b. v ' : 

• c. . ~ 

2. In what-* zone do squalls occur? 

. . — — — p ^ 

3. ^Frorn the description in the written material, draw the three stages 

of a thunderstorm as you understand it. 

a) . b) c) ' 

v. 



- \ 

4. Lightning develops in a thunderstorm by the electrical charges moving 
between clouds, within clouds or to the ground. True or False. 

5. Why does thunder occur? 

a. expanding air. 

b. contracting air. 

c. . electrical shock. 

6. What is the most violent storm known to man? . 

a. tornado, ^ \ 
. b. , thunderstorm, 
c. depression. r * 



7. -Tornadoes grow only during: 

a'.-, winter. 

b.|yC thunderstorms. 

cry tropical cyclones. 



8< How is<a tornado diffenpt from a cyclone? 

a, common in spring and summer. 

b. originates from a thunderstorm. 
. c. both a and b. - * 



9. What are the three types of cyclones? 
a; 

.b. S 

c. . 

10. Where are hurricanes born? 



a. 
b. 
c. 



mgJe^ 
is,Tov< 



Bermuda TManc ^ 
low latitudes, >over the ocean, 
equator. 



11.- In Which direction does the wind of a hurricane blow? 

Northern Hemisphere 

Southern Hemisphere 



12. Illustrate the motion of a northern hemisphere hurricane and f 
direction of movement. . ^ 



13. Name three influences on the development of a hurricane. 

<!' : = — 

b. 1_ 

c. * 6 . s 



14. The boundary formed when warm, moist air replaces cold, dry air is called: 

a. cold front. 

b. warm front. % 

c. occluded front. 

: 

15. Study the words below and cross out the word in each line that is not 
related to the other two. 

1. waterspout', tornado, tropical depression. * 

2. front, convergence, hurricane. 

3. intertropical front, cold snap, squall ? 

4. fog, eye,. hurricane. . ■ C: 
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• - . WORD SEARCH * 

Each of the worjjs below is hidden in the puzzle. Find and circle them. 
Words may be forward or backward and may be vertical, horizontal or diagonal* 
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' . WORD$fao*F.IND: 



TRANSPIRATION FRONT 

BAROMETER . SQUALL 

FAHRENHEIT , CELSIUS 

COALESCENCE . ANEROID 

CONDENSE VAN ALLEN BELT 

HUMIDITY ADVECTION 

" BAROGRAPH . ' CONVECTION 
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VOCABULARY SKILLS: 



toxt. 




1. Front 


4 


9 Cnnall « 
c • oqud I 1 - * 


b 


3. Convergence 


6 






BRAIN TEASERS: 





Cold snap 

Waterspout 

Eye of a hurricane 



Bostorj fishermen worry about hurricanes cofning from Florida. Great Lakes 
fishermen, worry little about them. Why is this? 

Investigate* the services. the weather bureau provides in your area. 

Make a report to the class on hurricanes, tornadoes, cvclones, squall lines 
and blizzards. Explain the differences between them./ 

List the radio and television stations in your area^and the time each 
* broadcasts the weather forecast. Te^l how weather warnings are given by 
each station. x 
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CHAPTER IV: ASTRONOMY 



'Astronomy, the scientific study of the universe, has 
held man's interest since the dawn .of time. Ancient man 
looked up at the sun, the moon, the stars at night and , 
asked : *+ 

What are they made of? * * 

What explains their location and their movement? 

What influence do they have or^ us here on the earth? < 

Besides satisfying nis curiosity, man -found particular 
uses for his . developing knowledge of these heavenly bodies. 
He coul'd use this information to help him set his course at 
sea, to tell the time of the day and the seasons of the 
year. He used it to make more and more accurate pictures of 
th'fe universe. And in modern times he'learned td use this 
knowledge to quid 5 e him in journeys tnrougn space. 

Along frith his increasing knowledge of the universe, 
man invented new tools^for increasing tne aistance ana 
accuracy of his observations, ^e learned how to use nis new 
knowledge of electronics, photograpny ana soece travel in 
making better, newer tools to 3*id his astronomical 
observations. 

THE TOOLS OF ASTRONOMY 

**" Astronomy uses a variety of tools tn increase our 
knowledge of the universe.: the eyes, tne mind, t^e 
ima-gina tion , telescopes, spectrographs , radio and'raaar 
telescopes, higin-ai titude balloons, sky laos and space 
probes". ** 

The eyes, mind and imagination of man were tne original 
tools of astronomy. Since then, many new' tools have been 
designed, some of tnem costing millions of dollars. but 
man f .s mind remains the key tool in understanding the wealth 
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of information gathered by these new tools'. These tools 
range from' optical extensions of man's eye (telescopes) to 
elaborate instrument packages that journey through space 
(space-.probes) . 



TELESCOPE 



Anyone who has looked through a telescope knows that 
it uses a series .of mirrors and lenses to collect light from 
a distant source. The collected light, the image,' is'then* 
magnified so that it can be analyzed in much greater detail 
than by use of the naked eye. Gal il eo (1564-1642), the 

- Ita]yfafi scientist, was the first to use a telescope to 
observe heavenly bodies (figure 4-1). Modern research 
telescopes are much larger, more complex, and more powerful 
than Galileo 1 s small instrument! These large telescopes are 

f housed in observatories locatea in remote places in order 
to avoid the night-time glare and air pollution of. large 
cities. Elaborate equipment aims tnese neavy telescopes ana 
keeps them on target. They record the collected images on ' 
photographic plates. These plates become a permanent record 
that- can be analyzed in great detail by pesearchers. 

J , SPECTROGRAPH 

The 1 ight* collected by a research telescope can also be 
processed and recorded by a spectrograph . Anyone who has 
seen a prism split ^-trrattf of sunlight has a basic 
understanding of this process ( figure *4-2) . Tne prison 
splits the sunlight into a rainbow^ of violet, indigo, Jplue, 
green, yellow, orange, and red. The ijnage of this / 
split-apart sunlight" is called a spectrum or in its plural 
form spectra . Othef light can alsg be analyzed by the 
spectrograph.^ The spectrum of a star looks like a 
horizontal bar with a series of narro^ vertical lines 
located at various points aloag^the b*. The number and 
location of these vertical Irries give scientists important 
-information about the physical, makeup and activity of the 
•star. The spectrograph, an instrun^nt for making 
photographs of spectra from varibus light sources, "is not 
limited to visible light. It can also record spectra 
produced by infrared and ul traviolet- 1 ight . It opens a 
window in the universe much wider than the n&rrow slit of 
man 1 s eyes . * t 
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Figure 4-1. A Simple Reflecting Telescope 



RADIO AND RADAR TELESCOPES 



Radio tel escopes use very largje antennae to trap and 
measure *radio- f requency radiation from the stars. Radar 
teljf^copes operate differently. Thvey aim radar pulses^at 
the pi ane ts . These pulses bounce o'ff the target, return to 
earth, are picked up by the telescope's antenna, and are 
then analyzed* Radio and ra'dar operations are frequently 
combined into a single installation. Q^e of the largest 
radio/radar telescopes is tne gigantic installation at the 
National Astronomy and Ionosphere Center (Arecibo, Puerto 
Rico). It has a mammoth reflector dish, 1,000 feet in 
dianjeter, with transmitting and receiving instruments 
suspended 600 feet above tne aish. ( This telescope can be 
used to make accurate maps of Mercury, Venus, and Mars. It 
can oe used to study pulsars (pulsating radio sources) 
deep in space. It will be used ,in detecting ana classifying 
as many as 100,000 cosmic radio sources. 

HIGH-ALTITUDE BALLOONS, SKVLABS, SPACE PROdES 

The eartn's atmosohere protects us from harmful neat 
and radiation; but it also interferes witn visiole lignt 
that reeches the earth and it also filters out^any kinds of 
radiation. If scientists can lift their instruments nigh in 
the atmosphere or free tnem from the earth,^tnen it stands 
to -reason that the quality of tne observations will be 
greatly improved. This freedom is'possiole through the use 
of hjqh-altitude balloons , s*/laos* (orbiting * f 
observatories), and space prooes. Balloons are the least 
expensive and most oractiQal , but space prooes are the most 
exciting because tney bring men closer to Distant ana ^ 
mysterious planets than ever oefore. The two Viking 
LarxJers that explored Mars in 1976 are good examples of 
space probes t n a t caused worldwide excitement. They c a f r i e Gf 
a variety of cameras and for tne first time showed a 
close-up view of the Martian lanastape: .a flat plain covered 
with sand and boulders. Above tne plain they showed a 
brilliant salmon-pink sky. Tney measured wind velocity and 
t emp£ ra ture s. They re ached out wiih mechanical arms and 
scoooed ud Martian soil for chemical analysis. Tne soil 
produced puzzling reactions but did not prove what some had 
hooed, tne existence of life on Mars. 
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Thes,e powerful tools have given modern astronomers a 
wealth of information never imagined by the first men who 
looked up at the stars in wonder. The picture, even now, is 
far from complete. In the next section we will summarize 
what astronomers have learned about the universe, the stars 
and our own solar system. 
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FILL IN BLANKS : ' . ■ 

1. makes photographs of light from various light sources. 

2. ' collects and measures radio-frequency radiation 

from various light sources. 

3. £ uses a\eries of mirrors and lenses to collect 

4 light from a distant source. 

4. boCinces radar pulses off the planets. Collects 

and analyzes them. j 

TRUE OR FALSE QUESTIONS : 

Write T if the statement is correct. Write F if it is* incorrect, and then rewrite 
the sentence to make it correct. 

1. Ancient man used the stars to accurately predict the - 

weather> 

. 2. The first observations of the sky using "a telescope were 

made by Galileo. 

3*. In 1976 the Viking Landers explored ;the moon. 

4. Sand samples analyzed by the Viking Landers proved that 

life once existed* on Mars. 

k 5. The type of light above the atmosphere gives the astronomer 

more complete information than does light he can observe 
from earth. 

, 6. Observatories are located in remote places to avoid noise 

pollution* 

7. The spectrograph uses a prism to split light into a 

spectrum of colors. 

•« 

8. All telescopes use lenses. f 
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ANALOGIES : 

From the words below choose the onejs needed to complete the analogies and 
write them in the blanks. j 

1. The lens is to the telescope as the <is to the microscope. 

2. The astronomer is to the stars as the • is to living things 

3. The is to the planetarium building as the telescope is to 

the observatory. 

• • botanist 
*\ projector 
mirror 
lens 

m biologist , 

spectra 

VOCABULARY SKILLS : 

Define each of the following words used in the .text. Then write an original 
sentence using each word. 



1. 


Telescope 


2. 


Galileo 


3. 


Spectrograph 


4. 


Spectruip 


5. 


Spectra 


6. 


RacLi o Telescope 


7. 


Radar Telescope 


8. 


Pri sm 


9. 


Pulsar 


10. 


High-Altitude Balloons 


11. 


Viking Lander 


12. 


• Remote 
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• WORD SEARCH A " 

. Each of the words aft the bottom are hidden ia the puzztfe. Find and cincle 
them. Words may be forwards or backwards, and my be vertical, horizontal or 
diagonal. * 
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TELESCOPE' PRISM 

SPECTROGRAPH , LIGHT YEARS 

CONSTELLATIONS SPECTRA 

luminosity ' 1 stars 

' astroMy skylab 

UNIVERSE^* " GALILEO 
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.WORD PUZZLE: 



Identify the missing letters which are represented by numbers in the words 
* below. * '* 

Write the missing letters in the ri'uihbered blanks. (Clife: Ga*$leo was one of 
these.) 0 



Spectrin *, 
2pectr6graph 
2?lescopes 
Pulsa4 ■ 

Radij^ Telesgop9 
Viki6g Lander • 
}0adar Telesc7pe 
' Pris8 



j 



6> 
BRAIN 



T 2.3 4 5^6 7 8 9^10 



A'SERS: 




1. Make a detailed .study of. one .of the topis of astronomy. Write a 

brief explanation" of the way it works/ Include charts and/or drawings t<? 
illustrate your explanation/ 1 ' 

2. Visit a planetarium i/f there is' one in your. area. 

3. Make a simply spectroscope. ' 

Materials?- : . Cardboard tube such as a paper t&vel tube 

~* " , Replica refraction gracing (available from Edmond 

Scifentiffy> Co. , Barrington; NJ) ^ 4 
^ Heavy ajuminilm foil * 



* Instructions: 

1 ■ ■ 1 +s 



a. -Glue refraction grating across* one end of tube. 



Fasten .foil on other end j^ith rubber band, 
narrow slit in the foil. ' * 



Cut e straight 



c. Look at va^ijaus kind^cft light: . sunlight, incandescent, - 

LuoreScfent,* etc. Wfjat differences do you observe? What 
lclusiorrs about lig^t can* you come to? 



Galileo-. lived^during the 16th century in Italy (about the same time 
*ttiat Shakespeare lived in England) . v The men were still .riding horses, 
fighting , with swords arrd pritoitive'guns. Many still believed jn*witches 
.arid goblins* What effect«do you think his. djscovggy of -the telescope 
might have had ^on the people of Galileo's* titae?" Why? * Do you^think ' 
that the invention of a revolutionary* scientific instrument or process 
usually has .the same effect? What about in medicine? 
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Read about tfte Andromeda Galaxy and brief the class on.%teur findings. 
Cite any science fiction you may know of related to this. , 

View the television program Cosmos, with Carl Sagart if it is available - 
in your area. Discuss it briefly on the classvday foVJ/owing the program. 

Make constellation charts' on 8 X 10 cardboard. First draw the space 
constellation, then punch a hole with a pencil where eadh star should 
ap^ar. When you hold the cardboard up. t» a light bulb in a- dark room 
you can see constellation much the way it appears in the sky. Have 
each person*in the class do one and tell what inspired its name. 

ReSd about Hoy It's steady state universe theory. Also read about the 
•creationist theory. In a class d4jcu5.sion compare both 
of these to the "big bang", theory. • 

Discuss the possibilities of space* travel in science^fiction you have 
read or seen. How do the authors manage to convince you that beings 
from different star systems can meet? , ( . 
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THE UNIVERSE 

**% map of the universe would show stars clustered in 
galaxies shaped like spirals or ellipses. Our own galaxy, 
'one among many, contains about 400*tnllion stars. Ancient 
man grouped the sta'pf'^to 'constellations and gave thenv 
names. Modern astronomers classify stars according to their 
real brightness, induing our sun, > using the 
Hertzsprung-Russell (H-R) Diagram. ** 

% In studying the universe, astronomy looks first to its 
countless starS, trying to locate them, compare them, 
understand them, and relate them to our sun. These stars' 

* are hot gaseous globes that radiate electromagnetic energy 
and visible light. They produce this energy through an 
atSmic reaction much like nuclear fusion. Fusion occurs 
when, two atomic nuclei join together to form* one. " The sun 
is 'a giant furnace that converts t mass into energy. Every, 
second tons of hydrogen are transformed into helium, , 
releasing incredible amounts of energy in the process. Our' 
sua is just one of countless stars, but al 1 -important to us 
because we depend on it for heat and light. 

"BIG BANG" THEORY 

A map of the universe would show th^ stars* clustered in 
galaxies shaped like spirals or ellipses. These galaxies 
are raxudly moving away Trom a central point where they 
began. This motion suggests to astronomers that the 
universe began-in an enormrous explosion, the "big bang." 
George Gasnow,.an American, physicist , has proposed that 
according to this big bancf( theoi^ , matter was originally 
contained in a compact sphefre which suddenly exploded. 
After the explosion, fiery matter rapidly expanded and then> 
later condensed into the stars that form the galaxies. This 
is also known as the expanding universe theory, ^ftiis 
explosion may have taken place as f'Ong as 10 or 20 billion 
years ago.^J/ike this time seals, the number of galaxies and 
the • distances involved leave the mind numb, when we try to 

* visualize them in our imagination. And our map of the 
.univ^?se would have no definite boundaries, because 
astronomers do not know its overall size and shape. 

OUR GALAXY 

Our own galaxy, one among many, contains about 400 
billion stars. These, stars are arranged in arms that spiral 
from a central hub. Our sun is located in one of these 
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arms*; about 30,0130 light ygara- .from- the center . (A light 
year is usecf>to estimate stellar" distances . It is the 
distance that "light travels in *a year; about 9.5 million 
kilometers.) The distance acrossr our galaxy is 10Q,000 
light years, ana our galaxy is 20,000 light years thick at 
i ts. -cent.ral hpb. On clear nights we can look up and see a 

^thick band of' stars we call the Milky Way . Wl^en we do 
this we are looking across our galaxy toward its central 
hub, and we K get a faint sense of the v^st di s tance s - and 

■ large numbers of stars contained in our own galaxy. You can 
see why science fiction writers rriu.st invent ^speed-time 
warps" tp write stories about travelers from one galaxy 
entering another. At present, any logical travel time would 
make suc;h visits .impossible. - « 

THE STARS ' 

One of the'tasks of /nodern astfonomy is to locate as 
-many of these stars as possible , most of them invisible to 
the naked eye. Besides locating these stars, the astronomer 
names them, classifies them, and groups them into useful 

^-patterns. .Ancient man imagined that the stars he could see 
were located on a sphere that circled the earth far in space 
(figure 4-3). He arranged the^stars into constellations 

^and assigned them names based on the earthly shapes he 
'imagined tnem to have. He also made up stories about how 
they got there.; For example K Ursa Majojr^ithe name means Big 
Bear) is one of the best known constellations in the 
northern latitudes. We also call it the Big Dipper or the 
Plough. Each name suggests a diffierant story of origin. 
Ancient man was also interested in the relative brightness 
of the 'stars, He noticed differences in the polor^of the 
light he saw, and he recorded the motions of the o6jects he 
observed. The stars seemed to move all together as if they^ 
were .somehow attached; so- he imagined that they were" fixed , 
in their celestial sphere and that the sphere moved as a • 
whole. The planets, he noticed, were erratic in their 
^motions, and he name'd them wanderers. Thus, ancient man 
created a simple and useful system for locating and grouping 
the stars overhead. This system is still employed by 
amateur astronomers who use the night sky as their 
laboratory and a simple telescope as their main tool. 

Professional astronomers use a m-pre exact and accurate 
method to classify tjie stars. They calculate a star's 
luminosity (absolute or real brightness, apart from the^ 
way we see it on earth}. They combine a star's luminosity # 
(brightness) with its spectral ^cKaTacteristics to accurately 
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place it on a special graph. By looking at tne * 
r Hertzsprunq-Russell Diagram we can see how this works 
(figur.e 4-4). The H-R Diagram is a graph prepared 
independently by Danish astronomer Ejnar Hertzsprung and 
American astronomer Henry Russell which shows the 
relationship between luminosity or brightness (absolute 
magnitude) ^nd temperature (spectral class) of a stw, A 
star is placed from top to bottom depending on its 
Luminosity. The brighter stars are closer to the top (-8, 
Vie very brightest), while the dimmer stars are closer to 
the bottom (16, /the very dimmest). From le:ft to right the 
stars are pU£^ according to their spectral 
characteristics, with ultraviolet on the far left and 
infrared on the far right. The H-R Diagram allows 
scientists to group and compare l~ar§<mjmbers of stars 
including <pur sun. " 

vf . The, H-R^Diagram reveals several rel a ted groups or 
V families of stars, ' The various group's df'giant stars 5 
(Superqiants , Giants , and Subgiants) are remarKable . • 

for their large size, many times the size of our sun. Our 
sun belongs to a group of, stars callea main sequence stars. 
It emits a. yellowish light. Although it is by far the * 
largest, brightest, and hottest object we see witn tne nakea 
eye, if we compare it to other stars on the H-R Diagram we 
see that it has relatively low luminosity, small size, and 
average temperature. Near the bottom of the H-R Diagram we 
see a group of stars called Wh-ite Dwarfs because of their 
color, low luminosity and small size. ? 
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Figure 4-4. The Hertzsprung-Russell Diagram 



MULTIPLE CHOICE QUESTIONS : 

1. Of the following groupings, the largest is: 

a. galaxy 

b. solar system 

c. universe 

d. eartji - moon system. 

2. The unit used to measure stellar distances is the: 

a. mile 

b. parsec 

c. light year 

d. kilometer. 

3. \ A grouping of stars that forms a pattern in the sky is called: 

a. galaxy 

b. solar system 

c. constellation - - 

d. asteroid belt. 

"4. Nuclear fusion occurs when: 

a. two nuclei are joined together 

b. a nucleus is split apart, 

c. an atomic bomb detonates 

d. the sunspots reach ^a peak. * 

5. The sun's energy is the result of: * 

a. fusion of helium atoms 
fusion of hydrogen atoms 

c. fiss4on of helium atoms 

d. fission of hydrogen -at^ms. 

The Milky Way is: 

a. one of the first constellations identified by man 

b. the name of our galaxy 

c. the name of the universe 

d. a dairy. 

7. The magnitude of a star depends on: 

a. its size • 

b. its di-stance 

c. its temperature 

d. all of the, above. 

8. The sun is: 

a. the largest star 

b. earth 1 s closest star 

c. the brightest star , 

d. a super giant. 
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9. Our sun is classified as a: 

a. supergiant 

b. subgiant 

c. main sequence l — 

d. white dwarf. 

10. Stars are placted on the H-R Diagram from left to right on 'the basis 
of: 

a. brightness " ^ 

b. luminosity ^ 

c. size 

d. spectra characteristics. 
TRUE OR FALSE QUESTIONS : 

WriteTif the statement is correct. 'Write F if it is incorrect, then - , 
rewrite it to make it correct. 

1. Our sun is a yellow star. 

2. The brightness of a star is called luminosity, 

3. Stars vary in brightness but are all the same color. 

* 4. Our galaxy contains about 400 billion stars. 

5. All stars are believed to be made of hot gases. 

, 6. Through the process of fusion, the sun radiates tremendous 

amounts of electromagnetic energy. 

7. The Hertzsprung-Russell Diagram is a way of grouping 

constellations. 

8. Our sun is one of the largest stars on the H-R Diagram. 

9. The magnitude of a star refers to its size. 

10. According to the H-R Diagram, main sequence stars are 

the largest. 



J 



ERIC 266 



VOCABULARY SKILLS : 

Defjne the following words in the text.' Then write an original sentence 
accurately using each word. 

1. Electromagnetic Energy 

2. Nuclear Fusion 

3. ~ Main Sequenced tars 

4. Big Bang Theory a 

5. Light Years 
r 6. Galaxy 

7. Milky Way 

8. Constellation 

9. Luminosity 

10. Supergiants • 

11*. Giants ' -/ 

12. Subgiants 

13. Hertzsprung-Russell Diagram * 
WORD PUZZLE : 

Identify the missing letters which are represented by numbers in the kbrds 
below. Write the mssing letters in. the numbered blanks. Find a science 
fiction movie title. 

E112clromagneti7 

9 * 

4ig Bang T23ory 
luminosity 

Constell6til0n . 1 
Mil8y Way f 

9ertzsprung-Russel 1J_ Diagram * 



OUR SOLAR SYSTEM 



** Our solar system has the sun (a star) at*its center 
and nine planets around it. Some of these planets have 
satellites like our moon. ** 

Our sun and the nine planets that pircle it form a 
system located on one of tU^arms of our spiral galaxy . 
(figure 4-5). The sun exerts a string gravitational pull on 
Its nine planets, holding them in elliptical orbits around 
it. Mercury, the nearest planet, orbits the sun in only 88 
days. Pluto, the most distant, take§ over 240 years to 
complete its orbit. 

The planets vary in relative size. The four closest to 
the-^un Mercury, Venus, Earth, Mars — are relatively 
small'. The next four in sequence are larger: Jupiter (the 
largest), Saturn, Uranus, and Neptune; Pluto', the last 
planet, is very small. The dis^jgnce of the earth from the 
sun, 93 million miles, is use # d"~a£ a unit of measurement by 
astronomers. We can use it to give a picture of the 
pladement of the planets in the system. Let's assume that 
the earth is only 9.1 meters from the sun. Then the other 
planets would be placed as follows: 



PLANET y DISTANCE (IN METERS) FROM THE SUN 



Mercury 3.6-* 

Venus . 6.4 

Ea r tfi 9.1 

Mars 4 13.7 . 

Oupiter 45 .7 
Saturn . . 86.8 

Uranus 173.7 

Neptune 274.3 

Pluto 356.6 



Now that we have a rough picture of the placement of 
the planets, we can watcti *them in orbit. If we imagine 
ourselves directly above the sun, we can watch them orbiting 
the sun in a counter-clockwise direction. The planets also 
spin on their own axes like tops in a counter-clockwise 
direction. The single exception is Venus, which rotates on 
its axis in a clockwise direction." , Saturn is unique because 
it has a beautiful set of rings. If we look at the large 
space between the orbits of Mars and Jupiter, we will see a 
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belt of^steroids. They pose a mysterious question for 
astronomers. Are they, the remains of a planet that broke 
apart? Or are they simply material left over from the 
formation of the solar system? 

" OUR SUN 

** The sun is a giant ball of hot gases with 
temperatures of up to 15 'million degrees at its core. On 
its surface we can see solar flares, sun spots, and solar 
prominences. It has strong solar winds which affect the v 
earth.' The sun rotates on its axis and spins in the galaxy. 
Man is looking for ways to get energy from the sun. ** 

The sun lights and heats the planets, making life on 
earth possible. The sun is a giant ball' of Trot gases with a 
diameter of about 865,000 miles compared to the earth's 
diame/trex of about 8,000 miles. It is composed of 80 percen. 
hydrogen and 20 percent helium. We can think of it as a 
gigantic atomic furnace. Within its core, Androgen is fused 
into helium, some 600 million tons per seconds at a 
temperature of 15 million degrees, Celsius. \- 

This fusion takes place within the sun's core, an 
interior layer of dense hot gas. Outside the core is a 
layer of lighter and cooler gas, from 60 to 2,000 miles 
thick, known as the photosphere. The photosphere is 
intensely bright, and it is this layer we normally see when 
we look at the sun. Astronomers think of it as the surface 
of the sun. Above it is the sun's atmosphere, composed of ' 
the chromosphere and the corona , a halo-like layer 
visible during solar eclipses. 

If we were .to view the sun from an orbiting space 
station such as'Skylab, we would se.e thaV-the sun's surface 
undergoes violent activity and change. Solar flares, 
• sudden eruptions of very hot gas, appear as bright spots on 
the surface. We would also see large dark patches called 
sunspots . These dark patches are actually sites of 
violent magnetic storms that appear darker than the 
surrounding surface. Astronomers have accurate records of 
sunspot activity. They have, found that it follows an 11 
year cycle. During the cycle the number of sunspots will 
gradually increase until it reaches a maximum. This cycle, 
is important in predicting possible interruptions to 
electrical communications oh earth. Besides these sunspots, 
we could see giant streamers of .hot gases, called 
prominences , arching far out into space before they return 
to the sun's surface. 



Not visible to our eyes, but equally importaht, is t|>e , 
solar wind . The solar wind is a tremendous stream of 
highly charged particles that the sun sends out constantly. 
This invisible wind moves far out into space. It interacts 
with the e&rth's magnetic field . During periods of high 
, sunspot activity, the solar winds increase in intensity, 
producing an electrical storm of gigantic size and 
interfering with. radio transmissions on earth. 

The sun' s^apparent motion is closely connected with our 
sense of 'time. We are used to timing our day by the son's 
movement across the sky. Wfe watch the eastern horizon for 
the sun's appearance to announce the break of day. We watch 
the sun slide below the western, horizon at- the end of the 
day. When the sun is high overheat) *e know it is near noon. 

A sundial, one of man's earl ies^ clojpks , projects vt£e 
sun's daily movement on a dial marked to show hourly 
intervals. Most clocks and watches are designed on this 
same pattern. The hour hand^ moves around the dial, 
^mimicking the sun's apparent motion around the earth. The 
'hour hand moves twice as fast as 'the sun, so that it circles 
the dial twice for each revolution of % the- earth* around the 
sun. Psychologically, we keep time to the motion of the 
sun. However', when we go to school and become interested in^s 
astronomy, we are shown that the sun is a fixed pdYnt of 
reference, that the earth revolves around the sun, and that 
it'is really the earth's motion around the sun, its rotation 
on its axis and the tilt of that axis, that account for 
these time periods; the y.ear, a day, v the seasons. Astronomy 
asks ys to shift' from an earth-centered point of view which 
wants to believe^ that we on earth are the center of the \ 
system (i.e;, the belief that tffe sun moves around us) to a 
change ^n mental framework that our ancestors Experienced 
during tFfe' Copernican revolution (that w£ rotate around the 
sun). However modern astronomy asks us to go beyond even 
this sun-centered point of view. Astronomers, know that the 
sun has its own motion in relation to our galaxy. The sun 
rotates on its' own axis once every 25 days. And it circles 
the hub of our galaxy once every 225 million years, carrying 
the planets along with i»t. 

As we approach the year 2000 we are increasingly a^are ^ 
of oojr own energy shortage and the sun's abundance of 
energy.' • Although astronomers are opt directly- involved* in 
solving oh\r energy protfleros, their- knowledge of the sun's * 
energy production may' help us solve these problems. The sun 
bombards the earth with a tremendous amount ofjRriergy every 
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day. Much of this energy is lost.' If^we could capture-even 
a small part of th'at lost energy, we "cbuLd use it to- 
partially solve our energy problem. - * 

Scientist? are current*^ dev&L*oping three approaches to 
capturing this enetgy. They are (1) developing arrangements 
of mirrots to collect and focus sunlight;, (2) working, on t 
solar collector^ that are very *ef f icient^xq absorbing and 
retaining , heat from (3) *flevel oping- i proved 

s-Gl^^-eWr^wirl m'"^Trect 1 y convert sunlight t'o electrical- 
energy: The Byproducts of this research have^direct effect 
on the development of astronomy.' Satellites and 'space . 
probes wiir be able to operate much longer if t they<?an use 
sunlight mor.e efficiently to recharge their batteries. 

Scientists are also working on a milch more ambitious 
and costl y* attempt to imitate the process the 'sun uses^o 
produce energy. Controlled nuclear fusionwould produce- 
energy from abundant and, low-cost fuel without the buildup 
of/large amounts- of dangerous radioactive waste* p.roducts*. 
There are many technical difficulties because of the 
tremendous heat and pressure needed 'Pb achieve fusion and 
.because of the need to 'control the * reaction. * Researrch is 
cuirenlly 'underway in botfuthe United States and the Soviet 
Union. , Different approaches ,are b^ing used. ^ One* type is * 
laser-induced fusion. In this approach a veVy strong . 
focused laser' beam briefly strikes a small deuterium-tritium 
fuel pellet* ^ . 

The laser &uj li sje / heats the p.ellet to .fusion 
temperature and energy is released. In theory it sounds - 
simple, but in practice ma-ny difficulties must be overcome 
before nuclear fusion becomes a reTlable and 
y idely-available source of energy. It may £e a long time 
before we can imitate* ttye sun's meuhod of .producing energy. 
In* the meantime', we' are try irl^to do a much better job of 
collecting and using energy -from sunlight that is already 
available us, < c 

THE PLANETS AND ASTEROID BELT ■ ' * 

>^ ** The nine pianets' va'ry in size, orbit, and surface 
features. All except earth werie narrfed after Greek or Roman 
gods or goddesses. ** 
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•1 • MERCURY .... Mercery was named after the winged" 
messenger of the gods, because it moves' around the sun NABry 
swiftly, taking only 88 days to complete its orbit. It§X 
orbit is eccentric . At times it approaches as cjlose as 
29 -million miles to the sun; at other times it is 43 million 
miles f rom # the sun. It has a diameter of 3,015 miles, 
making it' the smallest of the planets. 



Because of its position close jfeo the sun, Mercury is 
very difficult to observe from ^eart^. The Vlgriner 10 space 
probe flew by the planet twice *in 1^4, giving, us our first 
good view o.f y Mercury 1 s surface. Its surface" resembles the 
surface of our moon. Ife is pock-marked with basins, ridges', 
and plains formed by volcanic activity. Mercury has an 
extremely, thin atmosphere of helium. The side of ^Mercury 
facing the sihYi ha$ temperatures a-s high as 800°F, vrhile on 
the dark 'side temperatures fall to -300°F. 

"3^ 2. , VENUS. ^7>Yenus, the second planet, orbits the sun 
• ~at a/dlstance of 67 million miles". .Named after the goddess 
of*l$ve,*it has always excited man's imagination as a prlace 
where life might e^ist. These speculations flourished 
because Venus shines with a bright silvery light, because 1 
like earth ^it has a- thick atmosphere,^ and 'becaifse close 
observation af its surface is dif f icul t *ckie to a dense 
cloud-cover. Venus completes its orbit of the sun once 
every 255 dBys. It rotates, very slowly on its axis, once 
every 24*3 days,* the only* planet t>o rotate in a clockwise ' 
direction. Its diameter, 7,545*miles, is a little smaller 
than the diameter of the earth. * It is composed mainly'of 
carbon dioxide.. The outer layer is a cloud-cover of 
sulphuric acid with traces of wa,ter vapor. 

Near the surface of VenVs, atmospheric pr^sure buil'ds 
to 100/tim^s that of earth and temperatures w go as high as 
.4509c'.> The USSR Venera space probe gave us \the first 
pictures of the surface of the planelt, % a rock-strewn plain 
.of sand. . these pictures and the data gathereul_suggest that 
^^iere is'no life on Venus. / 

3. EARTH AND. ITS MCTON ..... Because of its axis of 
rotation, earth has seasonal changes. Eai;th has a unique, 
li'fe-supporting atmosphere. Our o^n planet and its large 
satellite occupy an orbit 93 million miles .from the sun. 
Earth has a diameter of 7,000 miles, four times larger than 
^the moon, about the size of Venus and twice the size of 
Mar's. Like the other planets it rotates as it orbits the 
sun. Its axis of rotation is\tilted at an angle of 23° from 
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its arbital plane. As you "know from the chapter on 
meteorology, this tilt means that the sun f s ray^s reach Earth 
.at a different angle during different ^times of the year. At 
the height of summer, 21 June*, the North Pole is tilted 
towards the surv, creating warm weather in the northern 
hemisphere and cold w.eather in the southern hemisphere?. At 
thf height of winter, 21«December, the- situation is 
reversed; the South Pole is t iJL ted toward the sun. # 

a. Earth's Fea ture s .... Be sides th-ese seasonal changes, 
Earth has its unique'' life-supporting atmosphere, made'up of 
nitrogen and oxygen, Tne atmosphere' ai se**f unct ions as a 
blanJ^t, retaining and moderating the sun's heat, and 
filtering out "harmful radiation fron» the sun. The earth's 
surface is'also ^nique. Two thirds' 0/ it is covered with 
water in a liquid state --'another important life-supporting 
element. Average temperatures on^the surface are remarkably 
stable and mild, preating an environment in which the other 
planet' s 'amazing extremes of hot ana cold are./el iminated and 
large-scale temperature changes take place ove s r relatively 
.long periods of time, ' \/\ 

Most of earth's land masses are coverea with vegetation 
that carries on the key Diol og^lcal process: photosynthesis . 
HPlants-'Capture and use the sutf'*s radiant energy to produce 
'caroonyarates (such as sugar ana starch) from caroort dioxiae 
and water. This is the beginning of the l«ong food*cnain on 
whicn we all aepend. Through photosyntnesis , plants trap 
enormous amounts of the sun's ratdiant energy and store it in 
sugw "molecules . The entire' organic worla runS on tnis 
stored energy. 

The* outer surface; of the earth is callea its crust. 
One part of the crus\/As a layer of heavy basalt, about" 
tnree milks tnick ? circling trie entire glooe\ Aoove the 
basalt are blocks of granite a's much as AO miles thick. 
Jh^se 'clocks of granite form the continents.. The average 
thickness of the crUst is 20 miles. The crust floats on the 
mantle, which has a thickness of aDOut 1,000 miles. Beneath 
the mantle lies the c6re; an oute'r core pro6ably of molten 
iron about 1,-4.00 miles thick and a solid pinner core 800 
miles 'thick. Though we speak_ about the mysteries of outer 
space, the inner structure^ of the earth is something of a 
mystery too. Our/ information about the inner structure has 
been obtained roainly fro rjw measurinq different types of shock 
waves generated by earth^Kkes. * ' 

- ■ t 
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Finally, the entire planet is protected by an 
invisible, magnetic ^envelope that extends some 40,000 miles 
into space* This is the earth's magnetosphere. The 
magnetosphere is oriented to the earth 's magnetic poles. It 
is not symmetrical because the side facing the sun is 
somewha v t flattened by the force of the solar wind. It 
captures protons and electrons emitted by the sun and 
confines them. 

b. Earth's Moon. ...The moon is a satellite of the 
earth with 'its own motions. The surface of the moon has 
been mapped and shows craters , mountains, trenches and 
dark regions called seas. The moon, only 239,000 miles 9 
away, has attracted our interest since ancient times. It 
has also stimulated our first venture into space.. Apollo 
astronauts lan-ded on the moon six times between July 1969 
and December 1972. They shared with millions of people the 
experience of walking about the moon and viewing it close 
up. They brought back a wealth of photographs, rock, soil 
samples, direct observations, and recorded data. Rocks , 
taken from the lunar highlands proved to be younger than 
expected, suggesting that the moon suffered some cataclysmic 
event after tfte formation of 'the solar system. Scientists; 
theorize that a ytyjnger layer of rocks suggested that a 
giant meteorite hall built the moon's older, originally 
formed surface. The interior of the moon proved to be warm 
rather than cold, as scientists had previously believed. 4 
The astronauts discovered local magnetic fields and 
magnetized rock. They also found a strange orange soil on^ 
the rim of one crater. The soil was composed of microscopic 
bits of orange glass called tektites which .scientists 
believe were produced when the impact of a meteorite created 
great heat and pressure. The Apollo missions were also an { 
incredible development* in the technology of manned space 
travel. They proved- that it was possible for man to travel 
through space and to return safely to earth. But obviously, 
the costs of continual moon missions are prohibitive. The 
advanced telescope must still remain our most, practical way 
of observing the moon's surface. The surface of the moon 
has been very accurately mapped and all of the major 
features have been named. Some of these features are: 
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Craters : 



Rays : 



Terrae : 



Highlands 



Ma ria ; 



Rilles 



formed by the impact of meteorites, they 
have high terraced walls, sunken floors 
and a central mountain group. They' may 
be^e^er 200 miles across and have walls as 
hijh ajs 20,000 feet 

these^are the long white streaks that 
radiate from many craters. They were- 
probably created by material ejected by 
meteorite impact 

these light-colored highland regions are 
considered the moon f s original crust 

much of the surface is covered with 
mountains that may rise as hign as 25,000 . 
feet 

the name means seas. These dark regions 
on the' surface have a resemblance to seas. 
Actually* tney are smooth low-lying regions 
of more recent origin than terrae 

\ 

these trencnes, some times more tnan iOO 
miles long, usually occur on the maria. 
s They may De as much as three miles wide 
and 2,3,00 feet; de£p. 



Astronomers refer to the near side and the far (or 
blind) side of the moon. From tfce earth we see only one 
side of the moon, the near side. Tne moon rotates on its 
axis at exactly the 4 right rate to keep the same side always 
turned toward the earth. It, rotates once on its axis during 
the time it revolves once around the earth. However, our 
view of the moon is not monotonous. A different portion of 
^±he moon is illuminated by the sun's rays each night. . These 
Changes in the illuminated portion are called the moon's 
^phases. 



* 
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Phase 



Day Change 



New 



1 



Moon is dark; at day 3 v or 4 a thip 
crescent appears that gradually 
enlarges to a half moon 



First 
Qua rter 



7 



The half moon gradually enlarges 
until it becomes a full moon 



Full Moon 



Full moon gradually shrinks to"*a 
half moon 



Last Quarter 



21 



Half mo&n gradually becomes a- crescent 
and then darkens completely. 



Taking into account the earth's motion around the sun, 
the moon completes its cycle in about 29 1/2 days and then 
starts again. The moon's movement" through its phases is the 
clock by which ^ancient man measured a month. For modern 
man, using a telescope, the phases provide a constantly 
changing panorama of the moon's cratered landscape, 

4. MARS. .. .Mars, the red planet, is named after the 
Roman god of war. Its diameter, 4,200 miles, is a'little 
greater than, half that of earth. A martian day is about the 
same as an eartfi day, but a martian year is almost twice as 
long. Like the earth, Mars is tilted on its axis so that it 
Fvas seasonal -changes. At a' distance of 141 million m41es from 
the sun, Mars has always been a primary location for 
possible life in space. .Two Mariner space probes orbited it 
in 1969 and 19*71. And two Viking landers descended to the 
surface in 1976. Many people who had hoped that strange 
Martian creatures might show themselves were disappointed. 
Even those who hoped for evidence of microorganisms were 
disappointed. There may still be life on Mars, but if so, 
it is hidden very well* The surface of Mars plainly shows 
that it K h^s been cratered by meteorites. It also shows 
evidence or volcanic activity and weathering by water and 
wind. Besides^the 'craters, there are smooth* regions 50 
miles^wide. One massive volcano, Nix Oympica, has- a bas.e 
300 miles wide and rises 20 mile||high. Mars has channels 
but no canals. Som^scient ists bel ieve that 'these channels 
have been cut by water that was melted by the heat of 
meteorites striking the surface. a 
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5. THE ASTEROID BELT .... Between Mars and the next^ 
pl-anet, Jupiter, there is a vast space of 342 million miles.. 
Nearly half a million asteroids orbit, the sun in this 
space. They may have a diameter as large as 600 miles, but 
most are in the range of 60 to 200 miles. Some are 
spherical but others have an irregular shape. Some 
scientists explain their existence as the raw material of a 
planet that did not "jell." Other scientists think that a 
former planet disintegrated and that the asteroids are the 
fragments from this break up. 

6. J UP ITER .... Jupiter , the largest planet in the solar 
•system, is more than 11 times as large as earth. It is 

named after the supreme Roman, god. It rotates rapidly on 
its axis, once every 10 hours; but it takes nearly 12 years 
'to orbit the sun at a distance of 484 million miles. From a 
' distance, Jupiter appears to have alternating light and dark 
Dands. The cause of this bending is not clearly understood. 
One prominent feature is the dreat Red Spot, nearly 25,000 
miles long and 9,000 miles wide. The spot seems to be a 
gigantic and .persistent storm. 

Jupiter is mainly composed of nydrogen--as a gasin the 
atmosphere, as a liquid on thre planet's surface, and in a 
1 iouid-metallic state near the center as nigh as 30,000 
degrees. Jupiter radiates twice as much heat into spate a*s 
it receives from the sun. It has a strong magnetic field 
and an extremely powerful magnetosphere. One of Jupiter f s 
^ 14 moons is larger tpan the planet Mercury. In some ways 

Jupiter and its many satellites form a miniature solar 
system. The space craft Voyager gave us more information 
about Jupiter than we had gained -since Galileo discovered 
four moons'of Jupiter in 1610. 

7. SATURN Famous for its rings, Saturn is the sixth 

^planet in the solar system. It orbits the sunvOnce every 29 

years at a distance of 887 million miles. Its ^U^meter is 
74,700 miles, smaller than Jupiter but still almSst 10 times 
that of earth. It is named after the ancient Roman god of 
agriculture. The planet itself has many resemblances to 
Jupiter in appearance and structure. Scientists have given 
most of -their attention to its remarkable rings (figure 
4-6). 
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Since Galileo observed Satyrn's rings with his simple 
32 power telescope, astronomers have been irjitrigued by these* 
rings. For many years it was believed that f Saturn t\ad three 
distinct rings somewhat like washers one inside the other- 
Information transmitted by Voyager I in 1980 on Us flyby of, 
Saturn indicates that these are actually many rings and 
ringlets, described by planetary scientists as being like 
grooves in a phonograph record. Whil£ most of the rings are 
concentric, some are lopsided, and some even look like they 
are braided and seem to be interwoven. 

In addition to this dazzling view of Saturn' 1 s rings, 
Voyager I also gave a'strpnomers some exciting information^ 
about Saturn's moons and discovered a 15tfi moon, t While the 
Voyager I flyby added tremendous knowledge to what is knbwn 
about Saturn, some of the new information raised questions 
called mind boggling by scientists. It left unanswered 
Questions such as: What forms the ringlets? What forces 
hold thenrin place? What are the dark radial shapes seen in 
the images? Why don't two of the moons that have similar 
orbits collide? 

8. * THE OUTER PLANETS: URANUS, NEPTUNE, PLUTO'.,, .The 
three remaining planets were discovered almost by accident 
in relatively recent times. In 1781 the British astronomer 
Herschel was sweeping the sky with a telescope and found the 
planet that was later named Uranus. The name is derived 
from the Greek name for the ancient father of the heavens 
and ruler of the world. Neptune was discovered as a result 
of irregularities in the observed orbit of Uranus. The 
German astronomer Galle is given credit for the discovery in 
1846. The name is that of the Roman god of the 'sea. Pluto 
was discovered by observing irregularities, this time in the 
orbit of Neptune. The planet was found in 1930 by Clyde 
Tombaugh of the Lowell Observatory. It is named after the 
Roman god of the underworld, perhaps' because of the cold and 
distant orbit of Pluto. It has a very eccentric o*>it at an 
average distance of 3,670 million miles from the sun. Pluto 
is c61d, covered with frozen methane gas, and probably very 
small, about the si?e of Mercury. Uranus and Neptune, in 
contrast, are large with diameters of about 31,000 miles. 
They all appear to be gaseous, quite cold planets^. 
Temperatures plunge to around -200°C. 
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COMETS WtO METEORS 



.** Comets and meteor^ are the fireworks in the sky. 
Comets revolve around the sun in an eccentric orbit. 
Meteors are small stone or metal bodies that travel through 
sp'ace . ** 

v 

Both comets and meteors* have r attracted attention 
because they produce unusual "fireworks" in the sky. Comet s 
ha*ve a long history by our standards-; Halley's comet, the 
famous comet' that appeared in 1834 and 1910 (and marked the 
birth and death of Mark Twain) has been observed for 
thousands of years. It appears every 76 years, so it will 
make another appearance in April 1986. Liket-other comets, 
it orbits the si/n. Its orbit brings it clos>e to^the sun and 
then far out into space. Only, when it approaches Ithe sun 
closely does it reflect light ana attract our attention. It 
has three parts; head, coma, and tail. The head consists 
of rocky material held together by frozen gas. The head may 
have a diameter of as much as 10,000 miles. The coma is the 
bright fuzzy area around the head. It is made of material 
from the comet's head; it glows because of stimulation by 
the solar wind. Finally, the tail consists of particles 
from the head that glow because of their interaction with 
the solar wind. The tail always orients itself in a 
direction away from the sun, sometimes extending for many } 
millions of miles. \ 

Meteors are very small stony or metallic bodies, that 
travel through space.* If a planet or moon has no atmosphere 
to rmpede them, they fall, impact, and leave craters. 
Mercury, Mars and the Earth's ruoon are good Ns e^<ampl es of 
planets that have been hit. Meteors approaching Earth 
usually burn up in our atmosphere with only fiery trails in 
the sky to prove their existence* However, some have 
impacted with great force. In Arizona there is a. giant 
meteorite crater, the Barringer, that is over 4,000 feet 
wide and 4 500 feet deep. If you look up' in the sky at night, 
you have a good chance of seeing^ a meteor; five or six occur 
every hour. We call them falling stars or shooting 'stars. 

This knowledge we now possess is only the beginning of 
what we will learn about our so t lar system .and the universe. 
As this book is being completed, Voyager II is about * to- head 
for a flyby of Saturn. It will ! pass Uranus in 1986. Then in 
1989 it will reach Neptune, about which we know little. 
This and future missions will add to our knowledge and be of 
practical benefit to our lives on this planet. Just as 
ancient man looked up at the heavens and asked questions, so 
do we continue to question and to 'probe for their answers. 
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VOCABULARY SKILLS: 



4-^ 



Define the following words used in the text. Then write an original sentence 
accurately using each word. 



Axis 

Satellite' 

♦ i 

Asteroids 
Photosphere 
ChromtisjTfiere 
Corona 

Solar flares 
Sunspots \ 
Prominences \ 
Solar wind 
Magnetic field 
Photosynthesis 
Phases 
Meteor 
Meteorite 
Eccentric orbit 
Craters 
Maria 
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HIDDEN WORD - * 

-Fill in the Correct word for each clue below. /Then arrange the circled 
letters to make a word in the blanks below. ( r ^\ 

f i j 

1. . . Our galaxy is called the . 

A 

2. _ _ jO . _ Smaller body revolving ground a larger body. 

3. Q_ IJlanet closest Xo the sun. 

4. The red planet. 

5i _ _0_ * The largest* planet. 

6. _ . _____ Masses of cooler gas on the surface of the. sun. 

7. _ _ _0_ Stream of highly charged particles radiated by - 

£ the sun. 

8. ____________ .1 Tiny planets revolving around the sun in albeit. 

9. 0_ _ - The planet recently shown by Voyager- 1 to have 

hundreds^ of separate rings. . % 

« 4 

10. __G_- __ Mass of metal or stone that is heated by friction 

as it enters the earth's atmosphere. 

11. _ _ A body with a gaseous tail that orbits the sun. 

12. 0_ _ _ _ _ Seventh planet from^he sun. 

13. _ A system of billions of stars. 

14. 0_--- Shines with a bright silvery light because 

it has a thick atmosphere. 

V 

* 
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FILL IN BLANKS : * 

Provide a short answer for each of the following questions, 



1. The force which holds the planets in orbit around the sun is 



2. 
3. 
4. 



The sun is made up of 



The element found most abundantly in the sun is 




Loug streamers called _ 
the sun's surface. 



explode" far out into space 



The large dark. patches on the sun's surface called sunspots, aje 
actually ; . 



Sudden eruptions^ of very hot gases are called 

The solar wind is cfirectly Related to 

Three approaches to solar' energy are: 



9. The area of the sun where hydrogen is fused into helium is 



10. The intensely bright layer of gas outside the .core is 
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WORD SEARCH: 



Each of the weirds below is hidden in the puzzle. 
Words may be.forwaras« backwards, vertical, horizontal 



Find and circle them 
or diagonal. ^ 



t> G 

D 'A 



C E ' S A 
N N," P ;0 



>0 



C 
E 
U 
W 



B M 
T 

P. I" 
T H 



E N N 
0 A 



N- W • X 



Q , D R 

" r 

? M E 



T 
E 
D 



E 

S 
K- 



I R 



o q o V-n 



■ r \ N • . T S _Z 
-41. S R L A 



I 



M ' '0 Nj E 



K 
L 
B 
G 
T 



T 

S 



'U 
C 
G 



L 
Z 
N 



P T 

•Q U 

R 0 

S R 



T E L L I T 

i 

R S L I'M A 

E P M . E R 

if^A P L N 6 

R S H M" E T 

■f 

A T .E"Va* N I 

N E H 'S £ V 

G R ' T T V E 

E 0 T E W I 

SI I .M H N- 

S D . C • '0 0 G 

r 

B S, E C I 1 / I 

E P - L " T W.N, 

U ^ — €^_I D "V 

U fR -B 1 0 0. U 

E , A N N ' "G S • 

I* * R P L ' U 



E S 0 P 

R . Z T - 

U R Y T 

Q R I L 

E" tf R S 

T M ' A I 

R„ C ' S G 

N U S D . 

Y L [} V[. 

W I N I 

I - T . A W 

M 0 1 R R 

L T- U .A 
\ 

L H C L 

I "0 C 0 . 

A M R S, ' 1 

T 0 f h • B 
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SATELLITES* /' 
.MERCURY ' . 
TARTH T 

' MARS 
JUPITER ' 
SUNSPOTS 
SOLAR WIND , 

' ASTEROIQS 



SATURN 
... METEORS 
COMETS 
. NEPTUNE 
URANUS 
PLUTO 
VENUS 



» St 
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HIDDEN MESSAGE ' 

Fill in the" correct word for 'each clue below. Then place the numbered/ 
letters in. -the correct blanks on the numbered message lines. < * 

• ( The process by which plants use the sun's 

5 T ~ ~ — 19 energy to produce food. \ 

Apparent changes in the shape of the moon. 
~2 20 ""22" * * 

* Depressions in the^mopn's surface caused by 
i T4*~ T3 " meteorites. ' ' ** 

Magnetic field of the earth. 

^ ' Deep trenches on the moon's surface. 

~2 5 ~23 ~ 9 * 

Mountainous areas of the moont 

IT ~ ^ "24 T8 



The earth's **is 23°. 



* 8 



y An important life-supporting e.lement that 

2TT2 T5 " covers much of the earth's surface. 



Layers* m air surrounding the earth. 



14 16 / 17 27 

9 



T 2 3 4 5 6 7 - 8 9 W T1 T2 ; 13 14 15^16 *lT 18 

\ _ _ ft 

T9 20" 2T 22/ 23- 24 25" 26 27 w 
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MATCHING : 

Match the words si 4jjcolumn I with 
correct letters inthftblanks. 



r 



1. Chromosphere 

2. Orbit 

3/ Solar Vrtnd 

4. Photosphere 

"5r Rotation 

6. Sundial 

7. Gravity 

8. Satellite * 

9. Photosynthesis 

10. Sun Spots 

11 .Magnetosphere 

12. Corona 



the phrases in column II by placing the 



II 



m 

c. 

D. 

~E. 

F. 
»G. 
H. 

i 

•I. 

J. 



Outer layer of the sun's' atmosphere. 
Occur *in 11 year cycles. 
An object held in orbit by gravity.^ 
A circular path. 



Anl n vl s 1 b 1 e ina grre tl c~ en Tape— ~ r - 
which surrounds earth. 

Lower layer of sun's atmosphere. 

Spinning on an axis. 

A force that pulls toward the center 
of the earth. 

One of man's earliest clocks. 

Gives off most of .sun's light. % 

Process by which plants use sunlight 
to produce food. 

A 

Stream of highly charged particles 
from .the sun. 
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NAME THE PLANET DESCRIBED: 



< 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 



It has icy caps at its 
' Closest- to the sun 

Next orbi^f past earth 
jgings around it 




Largest of the placets 
Very bright and silvery 



Day Almost like eartfi's day 

Red/ color' 

No/satellites 



10. Planet with greatest number of satellites 



h\he 



Match the planets on the right with uie name of the gods or goddesses on left. 
Put the correct letter in the blank. 



a. 
b. 
c. 
d. 

e. 
f. 

g- 

h. 



The winged messenger of the go T tfs. 

Roman god of the underworld. 

The goddfess of love. 

Ancient^ father of the heavens and 
ruler-of the world. 



Roman god of the 'sea 



Ancient Roman' god of'-agriculture. 

The supreme Roman god. 

Roman god of war. 

Only planet not named after a 
god or goddess^* 



1. Jupiter 

2. Uranus 

3. Pluto 

o 

4. Neptune 

5. Earth 

6. Saturn 

7. Venus. 

8. Mercury 

9. Mars 
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Data Chart (p. 308) 

* 

Use the text ana otner reference dooks to yauier uata ^ 
for the chart. Fill in as much information as possible. 
* 




-4- 


Planet Diameter \ 


Distance,^ Number Rotation Number 
from Sim oft Time * of days 
\in miles Satellites ~ , to Orbit 

Sun 


Name of 

Space Special 

Mission 

(if any) 


/ 

Characteristics 




7f . * 

Mercury 


* / 








Venus 


1 c 1 

1 


* 


« 


* 


Ear^fi . 










Mars 






t — — 




Jupiter 


* * 


= 4U 


* 




Saturn 


* * 








Uranus 










Neptune 




1 r- 






Pluto , - 


T~ V — 

* * • 
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Now use the chart's data to identify the missing planet. 

1. Planet that orbits the sun in 365.26 days. * 

.2. , Only planet that rotates - in a counterclockwise direction. 

3. P.lan&t with great red spot. 

4. Planet with many rings. 

5. Planet with same dimeter as Uranus, 

6. ' Plan6ts with eccentric orbits. 



/ 
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BRAIN TEASERS: 



1. Science, fiction writers often invent life forms from fictional worlds. 
These forms are best'when they are believable. For example, a nitrogen- 
breathing creature would notibe believable if invented ^n earth's 
atmosphere. 'Dr. Spock on Star Trek is a good example of a character who is 
believable because of his direct relationship with a home planet. 

Make up an imaginary life form appropriate for one or more of the ni.ne 
planets. in oyr own solar system. Imagine the form closely connected to what 
you know about the planet's atmosphere, temperature, size, magnetic fields,, 
physical structure, etc. Describe the fortf? to the class, 

2. Discuss what you see as the differences between believing (as did 
ancient man) that the earth is the center of the universe and the modern 
understanding that- the smr is-the center of our soTar system. Specifically, 
what changes in man's idea of himself came about as a'resuU of this change 
in focus. 

3. What is the difference between telling time by looking at a clock and 
telling time only by observing the sun? Consider for example, the actual - 
physical divisions on the face of a clock (hour, minute, and second hands) 
and lack of these -physical divisions in the sky. 

4. Write or visit Disney World's Solar Energy Project in Orlando, Florida, 
to determine some of the recent developments in solar energy research. 
Discuss with the, class what-^you feel are the most premising developments. 

> # 

5. Visit the library and see if you c\m locate books or articles on solar 
collectors. See if you can actually build a, Simple model. # ' 

6. Divide the class into three committees representing three groups of % 
scientists'. Then research eacPi major hypothesis Concerning the origin of 
our solar system: encounter hypothesis, nebular hypothesis, protoplanet 
hypothesis. Tlien, as scientists, debate the merits of each theory. 

7. Continue to research the new information discovered from Voyager I 
mission. v Summarize your findings as a TV news (JRsLletin. 

8. Go to the library and get the tape of Orson Wells' broadcast of H. G. 
Welles' War of the Worlds . Listen to it and, .then, knowing what you do 
about Mars, discuss^ (a) how scientifically plausible "the story is, (b) why 
the story seemed so convincing to listening audiences. * 

"~ . ' - ' * /. 

■ 
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CHAPTER V: ELECTRICITY AND ELECTRONICS 



** Electrical and electronic equipment increase our 
'ability to see, to hear/ ana to communicate. ** 



In earlier 


titles tne success 


or f 


ail ore* of a solo's 




voyage deoendec 


on the eyes ana ea 


r s o 


? the. crew . Tnis 


i s 


still true tocav 


^owever, snips 


-n,;S t 


operate at r > i 'J" t 


anc 


in bac weatner. 


we must ce aole t 


o fi 


nd oojects or targ 


e ts 


under tne sea. 


It is oo/iCwS ra: 


o j r 


e'y e s , ears a n c v o 


ices 


limit our a □ i i i t 


y to do t-ese : ~ i ^ 


-3 ^ • 


a e neeq so^etning 




t ~ a t will a i c or 


Increase o^r ;^aoa 




<w y w — » S ^ e j e^fc 




a^d to co^j^ica 


te. Electrical a r 


J 0 1 


ec tropic eauio^ent 




give j s t ' ; s c a c 


* »* •* * * *■ ^ « ; ^ ^ 


3 "a r 


a ^ ~J sc^ar are as 
re i ~ re oast. I 


t is 




cer — ^'"i~s 3S sa i . 


s a e 








e - ^ i c~e" t a ^r ^ s . 
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Electrical energy was first discovered by the ancMent 
Greeks. They found that by rubbing a mineral called amber 
with a cloth (mechanical energy), they could create a 
mysterious force of attraction between the cloth and the 
amber. They also saw that after they rubbed. two different 
ambers with two different cloths, the cloths would repel one 
another as strongly as tfiey were a ttracted— ta_the __am_bex_. 
They called this mysterious force of attraction "elektron" 
meaning "amber." The ancient Greeks had changed mechanical 
energy (rubbing together of cloth and amber) to electrical 
energy . 

The actual nature of electrical energy was not 
explained until t'he atomic theory of matter was developed. 
The atomic theory ^f matter gave us an explanation of what 
objects were moving to create ^electrical energy. The a torn 
is the smallest part of an^element. Atoms are smaller than 
molecules;; Several elements may combine to form a 
substance. An atom can bestyoe pictured -as a* very small 
solar system* The center a* the atom is called the nucleus 
and can be pictured as/bft-e sun in our solar system.^ The 
center of the atom contains* two major particles called 
protons and neutrons . Circling the nucleus, just as the 
planets revolve around the sun, are particles called 
el efc trons . The protons *in the center of the atom have 
small positive electrical charges; the electrons circling 
the nucleus of the atom have small negative electrical 
charges. Neutrons have 4 no electrical charges. The 
electrons stgy in their circular pat\ts around the ^cefnter of 
the atom 'because tfreir negati-ve electrical charges are 
attracted — tor the positive electrically charged protons. It 
is much the same as planets are neld in their circular paths 
by the gravitational force oetween the planets and* the sun. 
Wnen tne ancient Greeks rubbed tne amber with a cloUn they 
were ruboing the electrons from the outer orbits of the 
amber atoms and collecting them on the clotn. The cloth 
then has a number of el ec trons, ,cal 1 ed free electrons that 
normally it would not have. Due t.o the transfer of 
♦electrons from the amber to the clotn, the amber now has 
fewer electrons tharf before'. Tne negative charges of the 
electrons on the^loth now give of f a negative overall vl 
charge to tne clotn tfnile tne reduction of the electrons in 
the amber give an overall, positive charge to the ^mber ; The 
reason the charged clotn would repel anotner cnarged cToth 
illustrates a simple cohcept; that is, like Charges repel 
anile unlike charges attract each otner. Electrical energy, 
£hen, is' the result of moving electrons out of their 0 



296 



circular paths around the^atom so they may move freely lq: v 
another material. The movement of the.se free electrons can 
be controlled usTnq electrically charged materials. 
Positively charged material' will attract them;" negatively 
charged material will repel them. % 

v 

: Figure 5-1 shows an electron being dislodged from its 
orbital path. This buildup of positive and negative 
electrical' charges is familiar to all of us. We have often 
been shocked after walking on a cajpet and touching a metal 
door knob. The same experience results from sliding actoss 
a car seat : a.nd^tquching the daor handle. We ha^ often 
referred to 'this "as '" "static^ electricity . " % t 

The electrical energy Jsed in our appliances, lights, 
r3aios, and television is called "current electricity." 
Current electricity is different than static electricity 
dercause the free electrons continue to flow over longer 
periods of time. As you*will recall, being shocked ^with 
static electricity was painful but very fast. The electrons 
quickly flowed back to the places they were dislodged from 
and tne electrical force disappeared. Current electricity 
keeps a steady flow of electrons from a negative source to a 
positive Source, over long periods of time. In^ the case of 
static electricity the shock is soon over; however, in tftfc 
case of current electricity (such' as from a wall plug) the ^ 
shock continues until you remove yourself from the plug. 
* 

We have seen tnat electrical energy is tne buildup of 
electrons and the movement of these electrons.^ We need to 
understand that we can start, chang.e or stop this flow of 
electrons or electrical current.' We know tha£ v movement of 
objects can be started, changed, directed or stopped simply 
by changing the material through which they travel-. For • 
example, let us consider our own movement. We can move ^ 
quickly through an open room. Of course, ye, move less 
easily and are sometimes stopped in a very/ crowded room.* 
Electrons act in much the same way; they move easily through 
some materials, ^with difficulty through some materials, ant) 
not at all "in other materials. Materials that electrons 
move easily through are .called, conductor's ; Good 
conductors are materials such as copper, silver and gold. 
Materials that do not permit electrons to flow are called 
insulators . Good insulators .afe materials such as wood 
and rubber. The basis for electrical devices is to control 
or' direct electron flow. It may be in the form of a simple 
light switch. ; Here we simply break the path of currerrt flow 
and the light goes out, or we complete the ■ conductor path 
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THE STRUCTURE OF AN ATOM WITH ONE ELECTRON BEfNG 
. DISLODGED FROM ORBITAL PATH 



' Figure 5-1 . The ^Structure- of .an. Atom 
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between the light and the electrical energy and the light 
comes on. The complex electrical circuits (a circuit is a 
path for current flow) in a radio or radar very precisely • 
control the current flow through the equipment. These • 
circuits also change electrical energy into other forms of 
energy such as heat from an oven, light from a bulb or 
television screen, or sound from a radio. 
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ELECTROMAGNETIC WAVES 



*♦ An electromagnetic wave occurs when electrical 
energy is changed to magnetic energy and -the magnetic energy 
is changed back to electrical energy. ** 

The electrical energy we have discussed so far has been 
static electricity and current electricity. We/have seen 
how electrical -energy can -be produced by building up a 
source of free electrons. The movement of these electrons 
tnrough a conductor produce electrical energy we can use. 
We know, however, that radios do not require conductors 
between the transmitter and receiver. How then is this 
electrical energy transmitted across space? . The answer to 
this question is: through electromagnetic waves. Of course 
the next question is.: What is an .electromagnetic wave? 
Simply by its name, electromagnetic , we are led to believe 
the wave consists of electricity (electro) and mag'netlsnr 
(magnetic;. We are right irr this bel ief. because the 
plectromagrretic wave does consist of 'electrical and magnetic 
energy. Scientists, while studying electricity, found that • 
-magnetic energy is closely associated with electrical 
energy. For instance, if we created current f^Low through a 
conductor in a wall, we could turn the circuit on and move a 
compass around the area of the conductor.. The closer we * 
place the compass to the con6uctor, the more .the compass 
nee^e would align itself across the wire. The reason for 
this is as current flows through the wire it creates a 
magnetic field around the wire.' 

The mote electron or current flow, the stronger the 
magnetic field. Picture then a stick shoved into some-sand\ 
As we shove the stick into the sand, the sand ripples out. 
away from the stick. As we remove the stick' from the sand, 
the sand 'will close in around the" stick and fill the hole. 
In an el&ctrical conductor, as we build up more and more 
current.^le build up a larger magnetic 



force; as we reduce 



cur-r-eoO^this magnetic field collapses or gets 
Making an electromagnetic wave depends on this 
of electrical and magnetic energy. In a radio 



smal ler . « . 
rela-tionsnip 
antenna , , 
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which is actually a conductor, a strorvg electrical current 
is generated. This produces a strong^magnetic field around 
the antenna". Now we reduce the current flow and the 
magnetic energy begins tjo / col 1 apse At , the ends of the 
antenna, this col 1 aps ifrF /of the magn&t^ energy is changed 
to electrical energy, \0nce this magnetic -energy has been 
changed to electrical energy, the electrical energy begins 
to grow smaller. As this happens the electrical energy is 
changed back to magnetic energy and we begin the process 
again. T fc^> a , n electromagnetic wave is produced wh6n 
el^ctrica^energy is changed to magnetic energy and the 
magnetic energy is changed back, to electrical energy.* 

Now that we understand that 'electromagnetic waves 
consist of electrical and magnetic energy, we will continue 
our discussion of electromagnetic waves but, .will focus on 
the electrical energy portion. This will make it a little 
easier to understand. Electromagnetic waves. have the 
following four important characteristics (figure 5-2) : 

1. Amplitude .. . .The amplitude is a measure of tYYe 
size or energy level of the wave. 

* 

2. * Cycle. ...A wave cycle may be considered as one 

wave. The^bigger tt»e wave.the more energy it 
has. Tt is shown. in figure 5-2 as going fpom 
the top or crest of one wave^to the top or crest 
of the next wave. From our earlier discussion it 
would be^from the point at which the Electrical 
energy was the greatest, through the point it was 
the smallest and back to the greatest point. 

3. Wavelent^th . . . . A wavelength is the space occupied 
b)^ one cycle arvd is usually measured in meters. 

A. Frequency ... .Frequency is the- number of cycles 
J that oocur during a specific tiVne, usually ora 

' second.^ Frequency is measured in Hertz. Thu^ 

1 hertz = 1 cycle per second. "Hertz" is 
abbreviated ?s Hz$. . 

Electromagnetic waves may have many different 1 
frequencies and wavelengths have different characteristics. 
For instance, the visible lights we see are* really 
electromagnetic waves. The different colors we see are 
really different wavelengths op electromagnetic weaves. 
X-rays are shorter wavelengths ' of electromagnetic waves* than 
visible* light. We cannot see X-rays b.ut we can use 
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Figure 5-2. .tharacteri sties of a Radio Wave 
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photographic film to aid us in s.eeing their effects. Anyone 
that has had a broken bone and an X-ray picture can see that 
X-rays go through matter much easier than visible light. 
Just as^with X-rays, we cannot see radio waves. We need 
electronic equipment to detect. radio t waves just as we need 
photographic ' film to detect X-rays. : Radio waves, light 
waves, and X-rays have one-thing in -common; they travel at 
the speed of light or 186,000 miles per second. 

We have discussed how radio waves or electromagnetic 
waves are made. These waves travel outward from the antenna' 
in generally straight paths. If a conductor or receiving 
antenna is put % in the path of these radio waves, a Small 
electrical current will De generated in tie antenna. Recall 
that we used a large electric current to-ftroduce a /radio 
wave; now at the receiver the opposite happans, i.e.\ we get 
a small current from the electromagnetic wave. By 
amplifying or making this cur rent 'larger in the radio 
receiver we can detect the radio wave signal. It is^ 
important that ,the frequency of the radio receiver is tpjned 
or set at the same frequency as the raaio transmitter. The 
range or distance between the radio transmitter and receiver 
may be ex tended s because of the effect of the earth"and 
.atmosphere on raaio waves. Low frequency raaio waves oend 
"over the horizon rather than follow aosoiute straight paths. 
This bending of radio weaves' is called re fraction and 
diffraction . The radio wave may also be "Dounced off" or 
reflected from the part of our atmosohere called th^ 
ionosphere. Figure 5-3^ shows the oending of radio waves by 
the earth (diffraction)* and atmosphere (refraction). 

The effects o.f refraction or reflection are very 
noticeable at night. You may have noticed your radio 
receives stations from far away during ev enin g and night. 
This is mainly because refraction and reflection extend the 
range, of transmitted radio waves. . The benefit of radio 
wavss fos giving us Tastt^nd good communication is obvious. 
Radio waves also give us excellent navigation aids for 
determining our location. All we need to do^is determine 
the direction our received . radio signal is' coming from. By* 
determining the exact directions from two^or more radio 
' transmi tters we can pinpoint our exact location. 

RADAR 

One 'device that has been used widely' for navigation and 
fo^r detecting and ranging on targets is radar (short for 
^radio detecting and raogirvg). Figure 5-4 shows radar 
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Figure 5-3. The Bending of Radio Waves by the Earth's Atmosphere 
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Figure 5-4. Radar Equipment on a Ship 



- * V / 

V 

eouipment -aooard ship! Radar uses two impbrtant principles 
we learned about in electromagnetic waves; these wave's 
'travel at a constant spee.d of 136/Q00 miles per Wconql and 
they travel in straight paths.. If we were to generate a 

'powerful burst or pulse of # electromagnetic wave's, $4 woula 
travel in a straight line' outward at 1 86^000 miles per . 
second. If .the^'pulse 'struck. a>< ooject, some of the 
electromagnetic energy, would be. bounced bagk toward the 
antenna. 'This ref 1 ected. energy would also travel at 186,000 
miles per second. By receiving this reflection we-wowlo 

.know th*g direction (the original Direction' of tn'e 
transmitted ;pulse) to the object. % We could al so ^Determine 
tne range or distance to the object s by knowing tne tine 
Detween the transmitted pulse and the received reflection. 
For example, suppose, we sent a Dulse qf electromagnetic 
energy straight in frbn-t of us toward an object 186", 000 
*^iles away. We know the Dulse will strike tn£ ooject in one 
second and oart of tne pulse wi^l oe bouncea back toward us. 
One second later t'he reflected pulse will oe received at our 
antenna. we.know-tne. direction we -sent th5 pulse (straignt 
a^ead); therefore, we kr\ow joon receiving^ a reflected pulse 
an object is directly in front of us. We" know tne time we^ 
se^t the Dulse and tne t;ime we received tne reflected return 
Du^se ( two seconds) . We knpw the- transmitted oulse traveled 
at 186,000 miles per 'second to tne ooject ana i^e returned 
reflection traveled at ,186,000 miles per second tack to our 
anfenna. Tne total' time tnen between transmitted pulse and 
returned* pulse ^is 2 seconds. we can then determine an 
□ eject is directly in front 0 us 186, QuO miles away. 

Of course', r.aoar normally operates on F*uch snorter 
distances tnan tnis. Tne time Detween transmitted and 
received *pul ses will* be in fractions of a jecqne. However, 
'tne saxe principle aoolies for snort ranges. Tyoicaliy tne 
antenna •will rotate or chan'ge directions effectively 
n searcning n tne ar;ea for objects, figure 5-5 illustrates 
tne?; principle' of radar operation. 

. SOUND WAVES ANP SONAR 

** A*sound_ wave i*s simply areas of hign pressure and 
low pressure in the mateMai through which sound travels. ** 

„ In addition to detecting ana determining tne distance 
b r surface objects ;or targets, we also must detect and rar.je 
oojects or targets benea'th the surface of the sea. wnile 
radar -is excellent for*the first purpose, it is not very 
useful for 'detecting oojects'or targets in the water. 
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PULSE LEAVES RADAR ANTENNA AT THE'SPEED OF 
LIGHT * 
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ECHO RECEIVED BY ANTENNA GIVING INDICATION ON 
SCOPE OF PRESENCE OF OTHER SHIP. 

Figure 5-5. The Principle of Radar Operation /Ty «, 

306/ 

%1 • ' 



* To aid us in detecting and locating oojects in the 
water we rely on sona r (short for sound navigation anu^ 
ranging). While sonar isvpuilt using electrical circuits, 
it does not-use electrical energy or electromagnetic waves 
to detect targets as jadar s aoes . Tnsteaa sonar maKes use of 
sound waves; It is very important that we know the 
difference between sound waves and electromagnetic waves. 
About the only thing that sound waves have in common with 
electromagnetic waves is that tney are hotn waves. 
Nevertheless, -the principles of radar and sonar operations 
a*re very similar., However, oefore we compare t^e systems, 
let us first look' briefly .at the nature of souno, sounc i 
.waves a n c w ow t^Sy differ from electromagnetic waves. 

we n eed three things to produce souna: 

1. Wp ^'jSt 3 S O r J ^ 2 S Cu TC f 

f 

2. *e must a material tn rough 'wnich t n e scjn : 
:r trowel a Is? cal>a a ~ecj_u£ 



A~ A e neea p ^receive; or a aetec tor for tne sou^c. 

t ^ qr, y n - i ~ e s e t t 2 ~ e e c e o ite^s are ~ i s s i n c * - 
no sou^a. A*e nave often as^ec, If a tree fell in tne acoc^s 

« ~ r p»np^;: it fall, woulc tne re oe a sou"C »ne 
answer is obvious frc* ou; reauirements for sound, flit^cut 
a : p ce i vet or detector, t n e r e is n o oercei/eo so jh j , a i t n 
tnis ouzzle laic to rest, let js examine tne nature of soon 
as s no w' n in r i ju r e 5-6. <ve nave a sound source* vin : r is 
case a tuning for*), a meaium (ai^) and a receiver or sounj 
detector mf microDnone. or earcru^J .' sounc source changes 

t^e nove'nent o-~*the tuning fork (mechanical energy) into 
c - a n je s i~ pressure o f tne meailn ( sounn energy;.. ~ s t r >e 
-tuning ?pr* , moves in one direction, it snoves or compresses 

3 i r ' mol ecul es . T ^is compression maKes tne dir moi°c'jie 
^ore de^se in the area *o f compression. As the tu^Jng for^ 
^ 0/ p S e occ^sire direction, it pulls t n e air molecules 

out of an area. Th e region of fewer air molecules is calie 
a" ra re^r^c t io n . ^t^° vinr?tion of tne tuning f o r ^ results 
i - vr^as w~>e re air' molecules /a re very tnicx a r censp 
f cc^oression ) a°o areas where tne air molecules are very 
t~ i n ( v a:e r ract i'on) . Tne series o* comores s*io°'S and 
raxe/rlctions result in sound waves* A sound wave tnen is 
sv^oTv areas o c " : r pressure and p r e s s u re in t~e 

transmitting material of. medium. AjjEthis changing pressure 
stride* a receiver or sound detectc^^ it is set in motion. 
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•DIRECTION OF SOUND WAVE 
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* * RAREFACTION COMPRESSION 



Arr Molecules * 



TUNING FORK 

(Sound Source) 



Diaphragm moves in • 
and out with changes 
in' air density 




AftECElVE'R OR 
DETECTOR 
OF SOUND • 

(Microphone. Eardrum) 



Vibrations from the tuning fork causes density changes in the surrounding 
air molecules. These^changes are called COMPRESSION (higher density) 
and RAREFACTION (lower density) '.These regions of different 
densitjLes and pressure ^cause the receiver s to vibrate or fre • 
set in motion. 
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Figure 5-6. Receiver or Detector of Sound 



This is very much like a tree bending and straightening in a 
gusty wind-, / 

Aie sound wave has generally the same four 
characteristics as the electromagnetic wave.' It has 
amplitude. >In the case of^a sound wave we are referring to 
the amount of pressure changes in the medium. It has a 
cycle, whijph would be the point -of most pressure .in the 
medium, through the point of least pressure, to the point of 
htighest fcressute. A cycie w ilft contain- one compression and 
one rare f ract i on . Frequencies, the number of cycles In a 
specified time, usually one^second. Frequency of sound is 
expressed in cycles per* second. Wavelength is the -space 
occupied by one cycle and is usually measured in meters. 
Wavelength of sound is not commonly u£ed to describe a sound 
wave. As we have 'discussed before, sound waves require a 
material to .travel In, much as electrical current requires a 
conductor. The speed the sound waves travelVlepends on the 
type of material. For example," sound will travel about 4 
ti^BS faster in water than in air; through steel it is aoout 
15 times faster than through air. This is very much, 
different than electromagnetic waves that travel "at a 
constant speed and do not require a material to travel in/ 
Not only does' the material or medkjm affect the speed at 4 
which a sound wave travels, but conditions of the medium . 
also af<ect the speer). For instance, sqUnd will travel ( 
faster in warm water than in cold water;-»it will travel 
faster in salt water than in fresh water; and it will travel 
faster at greater depths in the water because of increasing 
pressure. Soundwaves also tend to lose energy very quickly 
due to the molecules in the medium absorbing some of the 
energy. Sound waves will £e bent much more ea'sily than 
electromagnetic waves. They will tend to bend toward areas, 
in which they travel faster or easier. Since temperature, 
salt or salinity, and pressure combine toxhange „speed o'f 
sound waves in .wa ter , these wavers will not travel in a 
straight path. This bending is xallted refraction Just as in 
electromagnetic waves. ' Sound wa'ves may be reflected or 
bouncy) off an. object just as electromagnetic waves are 
reflwted. You may ha ve«- not iced this as an echo of your 
voi^e^when you shouted toward an object or blew a car'horn 
jnside • a .tunnel 

In summary then, sound waves travel at much lower 
speeds than electromagnetic waves. Sound waves travel 
'different speeds in different material urnder different 
conditions while the speed *o"f electromagnetic waves is 
constant. Sound waves are more apt to bend or. refract 
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electromagnetic waves and may rYot . travel in generally 
straight paths. Sound waves can- be reflected just as* 
electromagnetic waves can be. This giv@s us the ability to 
^use sonar principles in much the same way as radar. 

Jhere are two tyQ.es of SQnar; passive and active.. 

•Passive sonar acts much like a radio receiver. We simply 
put ,a sound detector or receiver in the water and listen far 
underwater noises. Active' sonar' uses the same principle as 
radar. We generate a sound pulse in the water and listen 
for returned or 'reflected pulses (echos) / The d,i*ectian of 

/ the returned pulse and the amount of time between 

transmission and reception of the pulse 4 may be used to find 
direction qnd range. Because the speed 'of sound *and the 
direction of sound may change, accurate locations of objects 
are difficult to determine. A sonar operator must have a ' 
great deal of training and experience to. accurately locate 
oi^jepts or targets.. • * 



SUMMARY 

Electricity and^ elec tron ics have given us Gthe ability' * 
"to* extend our eyes and ears. This is -necessary in our 
modern Navy because we must operate around the clock in 
periods af darkness anc} bad weather. Radio has extended our 
ability to communicate and navi.gat?e. Radar and sonar. have 
provided us with a means to identify and locate target^. We 
aeed^ to understand the operation of these/devices, if we^ are 
to use 'them effectively. . > 
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MULTIPLE CHOICE QUESTIONS : ' ' 

1. Electrical *and electronic equipment: ^ * 

a. are veVy special lypes of equipment that are not commonly used. 

b. extend our capability to see, to hear, and to communicate. 
cT are y$ed to change heat energy', to mecharvical energy. 

♦ d. us£ static electricity for power. \ 

2. Electrical energy is the result of:- j 
• «* 

a. * protons attracting other protons. 

b. ^electrons attracting other electrons, ' 

c. free movement o.f electrons. . . 

* d/ electrons moving TfTcircular orbits Ground the atom s nucleus. 

3. The smaflest part of an element is a/an: 

t a. atom. 

b. molecule. . 
{ t ./^proton. . 

d % substance! • \ r 

> A * - - t 

The nature of electrical energy w$s explained by: ' . 

a. the ancient Greeks. - * , 

b. the discovery pf'the sorar system". 

c\ 'gravitation forces between the sun and planets. 
— d e v e Jopm en4^^te^tonv U theory nf m a tter . ^ , 

5. Current electricity |s used to: . . ^ 

I a. bcnld up a charge in amber anci cloth fry rubbing them together. 
*b. create an electrical shock for people walking on a carpet or 
. sliding across a car sefat, 

c. quickly -discharge electrical -energy. 

d. provide energy tb appliances. > 

6. Materials that electrons 'travel ijf easi.ly are: 

A 

a. . silV*. 

b. copper.. , 

c. gold. ' 

/ • d. All of '.the aboye. '* . 



The general purpose of electrical circuits and devices is to: t ^ 



a. control and direct electron flow. /. 
, r b. provide mechanical energy. ^ 
* c. prQvide communications. 

d. -control' the amount of heat energy in appliances, lights, radios, and 
television. 
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8. Electrical' energy, can b* transmitted: 

# a„. "through wires. ^. ' , , 

b* through conductors. N v 

a. c. across. .space. / 
d*. all of tfie above. ' * ^ 

* : l/> ^ " 

9. . Transmission 'of electrica.1 energy through ^pace requires two forms of * 

energy; they are: • % 

1 a. electrical and -atomic. 

b. magneti'c^ancf sound. • < 
- . >c. ^sound and electrical'. 

d. electrical and magnetic. t * ^ 

*• > 

10. A collapsing magnetic'f ield around a conductor produces: • 

. * 
a. el ectrical energy. * H 
. b. sound energy. 

c. a strong magnet. * , 

d. a very accurate compass. ° 

11. 'Wavelength of an electromagnetic wave tells us; . , 
\ 1 

a. how tag the waft/e is.* ^ * 

b. _ . how mudf energy the wave contains. 

c. the A space occupied by one cycle. 

d. the distance a radio wave is transmitted. x m 

v * <■ . 

12. Radio waves travej at: , . 

a. - the speed of light or 186 ,000 "miles' per secand. * ^ 

' b. ""different speeds; lower frequencies 'travel slower? * . _ 

c. the speed of sound. • • 

d/ varying speeds depeftflfngBn the density of the air. . ^ p ^ 

13. The range or distance betweert^ie radio transmitter* and receiver may~De~ 
extended^by: * ^ 

shouting louder into the microphone. . ; v 

the effect of earth and atmosphere on £he path of radio waves, 
increasing the number of transmissions, 
transmitting the radio wave through salt water. 





ar N -provides information, about:" 

\ 

* distance to a target, 
direction to a target, 
location of a target, 
all the above. 



( 
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A target is iJcate'd 1,860 mil'es^from a radar antenna. Tha time between 
the .transmission of t the pulse and the return of the received pulse. is: 
(Remember, the speed of 1 light is 186,000 miles ^€ft^S£cbnd.) ' 



a. 
b\ 
c. 
d. 



.01 second. 
\02 second. 

1 second. 

2 seconds. 



'16. Sonar and radar >are similar in principle. The result of this is: 



a., 
b. 



d. 



sonar operators make very goQd radar operators. 

radar operators sgguire more training about electrical equipment ' * 

than sonar operators); 

the way that targets! are detected and located are similar; however, 
different types of energy are used for radar and sonar. 
if a shi'p^is equipped with^radar it does not need sonar. 



17. 



id$_a3 



sound. 



Three things are required to prp4ud 

an electrical power source, antenna, and receiver 



4 These are: 

i 



a. 
b. 

Q. 

d. 



compression, rarefaction, transmitting medium, 
sound source, ifiedium,- receiver or detector. y 



source, compression, rarefraction. 

18. Sound travels: % * 

* 

a. about four time£ faster in water than in air. 
, b. .at the speed/of light.* ' 

c. at a constant 1,100 feet per second or 75^ miles per hsu.r.' 

d. at a spe£d that depends ^on th6' amplitude or^size of the sound wave. 

19. Sound waves bend or refract due to: 

a. temperature. * , ' 

b. salt or salinity. 

c. pressure. . * 

d. all of the above. <- % 

20. Two types of ''sonar are used. These, are: • 

a. high frequency and low frequency. 

b. high amplitude and low amplitude. 

c. active and passive. 

d. sound pulse generators and active. 
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TRUE OR FALSE QUESTIONS: - 

' • 7 v 

1. ' ElectricaT^nd electronic equipment is only used at nigh't 

and in bad weather. 

2. The sound we hear on the radio or television is a good exam- 
ple of a radio wa\if. 

3. " Electrons circle the nucleus of an atom similar to the way 

planets- circle the sun. f y- 

f 

4. We make -theWost use of static electricity in electrical 
devices aruf equipment. 

• I. • ' 

5. * Positively charged particles, attract each other and 

negatively charged particles repel each other. 

6. Electrons do not'flow through insulators. 

7. Electrical energy and magnetic energy often occur together.. 

w * 4 

8. * We can 'find the frequency of an electromagnetic wave if we 

know the number of cycles that .occur in one second. 

9. The light we see is really a form of electromagnetic 
energy. 

10. By knowing the exact direction to pne fadio transmitter 
we could pinpoint pur exact^tecation . 

11. The transmitted and returned pulse from a radar travels a.t 
twice the speed of light. 

'12.- An area that is a high density of air molecules is cabled 
a "compression. " v 

13. Sound will travel faster in warm water than in cold water. 

14. The less salt in the water, the faster sound waves will' 
travel. 

15. Sound waves like radio waves do not lose energy very quickly. 
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VOCABULARY SKILLS : • 

'3 



Define the following vocabulary «wordS used in the chapter. Then 
original sentence using e$ch woVd.- * 
l " « * 



1. mechanical energy 

2. heat energy 

3. light energy 

4. - molecule 



5. electrical energy ■ * - /. 

6. amber < '* - 

* ♦ 

7. atom <^ * * % : 

*8. nucleus " . 

9* proton . V , • 

TO.;' neutron . ^/ 

11. electron 

12. static electricity 

13. current, electricity 
14* . conductor t 
45. insulator . fc 

16. cjrcuit 

17. electromagnetic 

18. refaction 

19. medium ■ 

20. rarefraction * 
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BRAIN TEASERS : * " 

1. Describe the composition of an atom. Explain the positive and negative 
s charged particles and the forces that keep the eleftrons revolving in 

regular orbits. • ^ 

2. How does eleciricity flow and what are some common ways* to produce 
. electrical energy? 

- A* 

i • ' 

3. What are the main' characteristics of a radto 'wave? p • 

' V 

4. Where was the word '"JJadar" derived? What is the basic principle ,of radar? 

5. Discuss and describe hpw' radar may/be used to assist the shiphandler. 
What are the etdvan,tages 0 f, using rehiar? * , 

6. Explain how a sound pulse> travels through the water at different pressure 
levels, different temperatures, and different levels of salinity. 

Jjrom tMs discussion show some of the difficulties a sonar operator ' < 
^Tust deal with for accurate target detecting and ranging. 

7. An ..active sonar detects a submarine at a rans^ of 3,200 yards. It takes,, 
4 seconds from the time th£ underwater pulse is transmitted and the echo 

4 is received. A passive sonar receives the noise from the submarine's 
propeller in 2 seconds. )Explain why the active sonar sound pulse takes 
4 seconds while the passive sonar only requires 2 seconds. 
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GLOSSARY 

Absolute Zero : temperature at which fieat is thought to be 
completely absent 

Academic: having to do with school * • . , 

V , 

Accountability : under the obligation to report pi explain 
action 

Accurate : free from error 

Advectiorre a mass of warm air parsing first over warm 
w^ter and then over cooler water, forming fog 

Agonizing : very painful ' % *> 

Air mass: a huge bubole of cold or warm air traveling • , 
over tKe earth's surface 

. Air patrols : planes flown to nunt and sink suomarines 

Allies: those who are united witn you especially by 
jtreaty - /During World War II, England, the United States, 
and Russia were allies.) 

Altitude:- height 

. 

Amber: a hard yellowish to Drownisn transparent 
fossil Ized resin 

Ampnibious force : naval and landing force, together witn 
supporting forces, wno are trained, organized, ana equipped 
for' amphibious operations 

Amphibious 'warfare : warfare waged Dy using naval and 
landing forces embarked in ships or^gr^ft, involving a 
landing on a hostile shore 

Anemometer : an instrument used to measure wina direction 
and spee$ 

jineroid barometer : a barometer witn a needle connected to 
the top Of a metal box in which a partial vacuum is 
maintained; a change in atmospheric pressure causes the top 
of the box to bend in or out, thus moving the needle 

Annoyance : something that makes you uncomfortable 

Anvil,: last stage of thunderstorm where down-drafts take 
over, rain falls heavily, and storm "becomes less violent 
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Appeasement : trying' to keep peace by giving in to the 
increasing demands of others 

Assets : total personal property r ' ^ 

Asteroids : * small planets between Mars and Jupiter that 
orbit around the sun 

Atmosphere : the whole mass of air surrounding the earth 

Atom: the smallest part of an element 

Axis : 1. imaginary line, on which the earth" rota tes* 
2. the alliance of Germany Japan , and* Italy during World 
War II x 

Bar: unit of measurement of atmospheric pressure reported 
by~inches of mercury* under pressure; 29.92 inches^= 1 bar 
1000 millibars 

Barograph : an aneroid barometer that ma*kes a continuous 
-record of barometric- pressure 

Barometer : device used to measure air pressure by 
measuring . the weight of air 

Beachhead -: a* 'foothold area on an enemy's shore that is 
occupied to make further landing of troop5«ana supplies 
possible t 

7 + 1 

' Beaufort wind Scale : x scale devised by Admifal Sir Francis 

Beaufort to rate winds according to how forceful they are 
* ^ * . s 

Belligerent : a^w^fcl^e or aggressive attitude. (The 
participants in a "battle are referred to as belligerents.) 

Big Bang Theory : explanation of how the universe was • 
fornjed that Ysay-s matter vras originally contained in a 
compact, sphfi/re^ which suddenly exploded 

Boast : bra"* 

Bondage : imprisonment, slavery ^ 
Calculated : ca re ful 1 y . thought out or planned 
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\ Celsius scale : a scale on ""a thermometer for measuring 
temperature. On this scale the boiling point of water 
measures 100 degrees and the freezing point of water 
measures 0 degrees * 

Centers of action : secondary wind circulation systems 
that remain in' the same general areas throughout the year. 
As high and low pressure areas, they act as, great wind . 
machines, e.g., the^Bermuda High 

Chemjdspherd : small/ transition zone " above .the stratosphere 
tnat serves as a protective shield 

Chromosphere : lower part *>f the sun ! s atmosphere 

Circuit : a path for current flow _ ^. . 

Coalescence : the joining together of microscopic water 
droplets in a^c 1 o u d 

* Coastal convoy : protective escort .of rfferchant • ships by 
warships as they traveled up and down the coast of the 
United States 

Cold snap :, the dominance of polar air over previously 
dominant warmer tropical air 

Compromise : to agree to make concessions 
Comrades : . companions ° 

Conductor: material that electrons "move easily, through 
sCJch a s copper , silver, or gold 

/ " 1 

Conquest : the act of gaining something by using force 

C onstellations : groups of stars 
/ 

Convection : 'hot air rising 

Convergence : different air v masses coming together 

Coriol is effect : the prevention of wind currents from 
flowing directly North or South by the spinning of the Earth 
on its axis from West^to East ^ 

Corona : h£lo-like layer oj the sun visible during solar 
eclipses 
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Craters : 'depressions on the surface of the., moon or earth * 
believed to be formed by meteorites hitting the surface 

* * V 

Current electricity : steady flow of; free .electrons from a 
negative source to a positive source o-ver a long period of 
' time / 

Demolition :^ destruction bfy ex-plosion 
' Designate : name; appoint 

Dew point : trie temperature € to which air must be coaled 
f oj^ondensa tion^ to occur 

Dictator: in government, a person who takes absolute 
control- without the free consent of the people or any other 
right «- ♦ , 

Diffraction : natural 'bending of raaio waves over the 
horizpp 

Disarmament : the reduction or limitation o'f the % size and 

equipment of ^ountry 1 s armed forces 

Discipline : training thal't develops self-control, 
character, and efficiency «■ w 

Diversion(ary ) : an attack or pretended attack that draws 
the attentjj»-^nd force of an enemy from the point' of the 
main operation ^ * 

Doldrums zone : area at the equator where air heats up 
higher than arv/where else on earth 

; Dominate : to fule or control 

Eccentric : • irregular path of planet ' around the sun (or 
another star) V 

Economy : a term used when referring to the production of 
goods and services, their distribution and consumption* 

. Elaborate : detailed ^ 

Electrical energy : tffe result of moving electrons out* of 
their circular paths around the atom so that they move 
freely in another material *. 

Electromagnetic : having to do with magnetism developed by 
a current of electricity 
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Electromagnetic energy : x-rays, gamma" rays, ultra-violet, 
visible light, infrared and radio wavefs radiated* from th,e 
.stars # 

Electrons r particles circling* the nucleus of the atom 
that have small rtegative electronic charges 

E^QTm6us7 jUwgreat ^ize • t 

Eva de r^tb "e scape by trickery or cleverness 

* • 
Exosphere : highest layer of ' atmosphere that begins at 
about 500 -miles 'and goes up tcTabout 18,000 miles; fras 
extremely hot^and cold temperatures 

Express :. high speed 

Eye of a hurricane : the center of a hurricane where the 
weather is calm 

Fahrenheit seal e :■ a scale on a thermometer for measuring 
temperature. On this scale the boiling point of water 
measures 212 degrees and the freezing point of water 
measures '32 degrees 

* 

Familiarity : very relaxed, personal behavior 

First or cumulus statje : firs\ phase of a thunderstorm 
where air over earth heats up and ri£es; as it rises water 
vapor condenses which causes a cumulus cloud to form 

Fleet : the larg^t organization of warships under the 
command of/a single officer • - - - 

fiTylng boats : type of plane designed for hunting and 
sinking submarines . \ 

Free City. of Daazig : a sel # f-governing territory which 
^eluded the Polish seaport of Danzig. (Hitler invaded in 
19^9 and made it a part of Germany. It is now part of 
Poland . ) 

Front: a line that divides two different air masses that 
have collided 

Galaxies : huge collections of stars, star clusters, dust, 
and gas held together by gravity 
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' Gal ileo : Italian scientist who lived 1564-1642 who was 
the fifst to^ use th*e' telescope to observe heavenly boqlies 

General circulation : the circulation of the earth's- 
atmosphere, formed by the four major prevailing winds; the 
Ooldrums, the Trade Winds, the Prevailing Westerlies, and 
the Polar Easterlies . . 

Giants : stars that are remarkable for their ia.rge size 
and which may be as much as. 100 times bsi^hter than our sun 

Heat energy : the form of energy that causes heat, e.g., 
warmth from a'fire 

r t * 

Hedgehog : a bomb thrown into the water designed to 
explode on contact with a submarine 

t 

4 »< 

He rtzsprung- Russell Oiagram : system of classifying stars 
according to their real brightness and tertfper attire 

•Hrqh-al ti tude balloons : hot air balloons flown at high 
altitude used to observe the stars 

Horse latitudes : where sink-iag, cooling, equatorial air 
forms ^reas of higher pressure around the earth. In the 
Northern hemisphere, 30 degrees N. latitude; in the Southern 
hemisphere, 30 degrees S. latitude 

Humidity ': water vapor in the air 

Hurricane : violent storm formed as a splnn^fig circle of 
-wind around a low pressure area m 7 



Hydrological cycle : the eternal process of evaporation, 
condensation, and precipitation m ^ 

Hygromete r : - an instrument whichf measures wetness in the 
air i . 

Hygroscopic nuclei : dust 

Inflict : to give or cause (pain, wounds, etc.) 

Inform : to supply (oneself) with the knowledge or 
information necessary to solve a problem 
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Initiate : to begin; to start gding 
Inland :/ * the Interior part of a country or region 
Insulators 

flow such as wood or rubber 
Integrity : uprightness, honesty 
Intercept : to stop an enemylS progress 
^International 



mater i'a Is that do not permit electrons to^ 

s 



■TO 



between or among .two or more nations 

Intertropical front : * a little front occurring in the 
Doldrums producing squalls 

Iqvade :> ,to enter forcefully, as< an enemy 

Ionosphere : area, of the atmosphere Composed of 
'stratosphere , me so sphere , and ct^ermo sphere 

Isolationism : when a nation decides to, maintain its 
rights and interests without any. t formal allies 

test -moving currents' of a^r-sji the 



Jet streams : 
ttopopause 

League of Nations :* ■ the first major organization -of the 
states of the world dedicated talpeace and international 
Cooperation. It: vfas founded *a ftftr World War I in 1920 



■l / •• 

Vor <5rqaniza J 



♦Leonardo de ^inci 



a great scientists and artSrst of the 
r 



15th century 

^ Light energy : the form of energy that brightens^a jroom 

Light year *: a m^asuremdnt^ of Stellar distances; the * 
distance that light travels *in a year-, aftout 9.5 million , 
kilometers m . ^ _ r * * 

LogTstics ; the system of supplying services and suppMes 
to the* fl^et ships engaged in **arfare far from a home port 

Luminosity : absolute or real bri'gh'ti^lsk of- a star 

Magnetic field : region near a magnetic object or 
electrical current in* which magnetic forces can be detected 
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Main sequence stars : stars represented by points that 
fall within the diagional • band running from lower right to 
upper-left o^the Hertzsprung-Russel ? Diagram; the majo.rity 
of stars stuoied fall ±f\ this group 

Maria dark regio'ns on the surface of the moon that look 
like seas e% 

4 * 

' Mature stage : second phase of a thunderstorm^ 
characterized by strong updrafts apd downdraf*tsNc/ithin the . 
cloudy causing thunderstorms to occur as warm ancHcold air 
currents smash together ■ 

Mechanical energy : the result of moving objects such a^ 
the turning of a wh'eel 

'Medium:- materi4l strch.as water through which energy (for 
example, .sound-waves) or force ca^f pass 

Mercurial^barometer : a-column of mercury used for 
measuring the 'air's weight" which measures 29.92 inches at 
sea level at sea latitude 45 degrees' 

Mesosphere : 'region of atmosphere with extreme temperature 
changes that begins a£ an'altitude of 30 miles and reaches 
to abput 50 miles* r m , 

-Meteor : a very small siony or metallic body traveling 
through space that frurns up when . it i enters the eSrth's 
atmosphere 

Meteorites : stony or metallic bodies traveling through 
space that do not burn completely vmen entering the 
atmosphere^ a nds&v enteral y crash into the earth's surface 

Meteorologists : scientists who study the atmosphere, 
weather, and weather forecasting 

Meteorology : scientific study of the atmosphere m 

Mig'ratory 1 pws : moving , 1 ow— pressure ^areas frequently 
found just in front of the'polar higl^k 

Milky Way : 1. name of our galaxy 

2. v thick bjand of stars located in the center of our galaxy 
* 

Millibar : one-thousandth of a bar 
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Molecules : the smallest particles- of a substance 
Monsoon : very strong seasonal winds - - 

# s 

Moral : right instead of wrong 

Mulberries : gigantic. artificial harbors used during the 
Normandy invasion 

Mutual : shaxed, in •common 

Neutrons : particles in the center of the nucleus that 
have no electrical charges 

Nuclear "fusion : process where two atomic nuclei are 
joined together to form one nucleus 

Nucleus : the center of an atom 

Obedience: doing what is asked of you # 

Objecti ves : goals or aims 4 

i 

Obligations : social or legalities 

Obsta cles : things that are in the .way 
* 

One atmosphere : barometer raeasJre.of 29.92 inches (or 760 
millimeters), the normal air pressure at sea level 

Orbit : * path erf one body around another 

Ozone layer : a protective laye* of gas (formed from - 
oxygen) found in the stratosphere - — - \ 

Perimeter : the outer boundary line of a given drea as in 
the Japanese perimeter s 

- Personnel : persons employed in any work 

Perspective : seeing eveats or things in proper 
relationship to one another 

Phases : the change's in the visible fraction of the 
illumina'tedraurface of th-e moon, or a planetJK" 

Photosphere : extremely Vright surface layer of the sun 
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PhatosyntHesis : -process by whic 
produce food 

Pinpoint : except iona-i 1 y accurate 

Polar front : " a very, told air/ mass sweeping down over the 
earth from the North or Soutti f^We 

Precipitation : .. forms* of water, e ♦ g A rain, sleet, hail,, 
and snow 

^ Prime Minister Chamberlain : English prime minister who 
tcied to deal peacefully with the Germans before World War 
^11 



Priority : being ahead in- importance > \ 

Prism : a transparent body bounded in jaart by two plane^ 
faces that are not parallel; used to bend or dispsrse^a beam 
of light* 

Privilege : a rights not' granted to others 

Prominences : giartt 6trea>mers of hot gases that arcn far 
1 out into space before tney return to the sun ! s sJrface 

propaganda? irrformation or ideas spTead deliberately to 
further one's cause or to dam-age an opposing cause 

Pro-tected-harbors : - harbors protected by mines, blimps, 
and surface vessels where ships stayed at night 

- 

Protons : pdrticles^in the, center of the nucleus that have 
small positive electrical charges 

PuJ. sar s : pulsating* radio sources aeep in space 

~> 

Radar :. a technique 'for me'asuxing the direction ana 
distance to an objept by . transmitting radio. waves to the 
object and analyzing the reflected signals 

* - 

r Radar telescopes : a telescope which bounces radar pulses 
off the planets; coi/ects and analyzes them . 

Radiant energy : the energy given iff by an object, hot or 
cold, e.g., the heat from a fire 
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Radio telescope : a telescope which collects and measures 
radio-frequency Radiation from various light sources 

Raref raction : region of fewer air molecules in sound 
waves . 

Refraction :, bending of radio waves by the atmosphere 

Relative humidity : the* amount of water vapor in the air^ 
expressed as* percentage of the maximum .amount that the a i 3? 
could hold at a given temperature 

Remote : out of the way 

Repelled : driven or forced back 

Resources: natural source of wealth like oil or coal 
; / 

Restricted : liited 

Retract : y to pull or draw b ; ack 

Satellite : a small object in-orbit atound a large object; 
a moon 

Sea lanes : an established sea route 

Secured : occupied and made safe against enemy threat 

9. 

Solar flares : suddeh eruptions of very hot gas appearing 
as bright spots on the sun 

Solar *ind : tremendous stream of*highly charged particles 
that the sun sends dut into space 

Sonar : .an electronic device with transmitting and 
receiving elements that uses sound waves in water to find 
the location of object^; used like radar 

Sonobuoy : a round receiver-transmitter dropped from an 
aircraft to pick up submarine noises and send these back t 
the .planer 

Spectra : plural form of spectrum 

Spectrograph : an instrument which makes photographs of 
light from various light 'sources 

Spectrum : t arrangement of colors by wavelength when light 
is split apart, by a prism 
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Squall s : thunderstorms resul t inqj f rom inter-tropical 
fronts 

Static electricity : build uq of positive and negative 
elec trical cha rge,s 

? 

Straits, : narrow waterways connecting two 'large bodies of 
water * 

Strategies : the science or art of planning or directing 
large military movements and operations 

Stratosphere : that part of the earth's atmosphere which 
reaches to 30 mil'es above the surface of the eartfh; 
characterized by lo* temperature and little water vapor 

Suoqiants : % class of 'stars on the Hertzsprunq-Russeli 
diagram ten times Drighter than our sun 

Sunspot s : violent magnetic storms on tne surface of the 
aun that appear as dark spots on tne solar surface 

Supergiants : huge stars that are as Tiucn a s one million 
times as bright as the sun 

Tel escope : an optical device tnat uses a series or 
mirrors and lenses to collect light from a distant source 
\ — * 

Temperate" zone : the area of the -artn lying oetween 
latitudes 30 degrees and 50 degrees -where most of tne People 
in the world^iVe, and which is 'characterizeo oy sudden 
changes in tne weatner 

Theater : the wnole land, sea, and^air area tnat is or may 
be involved directly in a war's operation 

Thermometer : an instrument which measures heat 

Thermosphere : layer of atmosphere about 50 miles aoove 
the earth's surface where air'is^iot, thd/>, and electrically 
,cha rged 

T IROS : an acronym for "Television and Infra-Red 
Observation Satellite"; provided information used in 
Accurate weather forecasting 
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Tolerated : put up, with; allowed 

Tornado : very destructive and unpredictable wind stor^ 

Trade winds : steady winds that blow from tne horse 
latitudes south to the equator 

Trans atlantic convoy : merchant ships or supply ships . 
escorted by warships and sometimes aircraft crossing or 
extending across the Atlantic Ocean 

Transpiration : the process . of the- evaporation of water 
from the leaves of green plants 

Tropopause : border zone of air over the troposphere, 
divided into three overlapping areas; tropical 



extra-tropical, and Arctic 
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'Tropos phere : lowest' part of tie earth's atmosphere t-sat 
is 5 to 11 miles abpve the surface of tne earth anc wmcn 
prcduces cur weather ccnditipns 

UitraviPlet : light waves oeyonj the visible spectrum, 
shorter than visible light, and#longer than X-rays 

Uncha rted : unmapped 

Utopia : a perfect society or place wnicn Goes not exist 

Van'All en radiation pelts : Delts of electrical ty cnargec 
air in the exosphere at a ltitudes of 2400 miles and 96J0 
miles 

Vapor : gaseous state of wateV 

Viking Lander : space probe used to explore other planets 

Vision : the Ability to see with the eyes, often usee- to 
suggest oeing able to see issues clearly 

Voluntarily : 'done by one's free choice 

waterspout : "the water sucked up by a tornado, moving over 
a body of\water 
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CHAPTER I: THE NAVY IN WORLD WAR II 
Multiple Choice Questions (p. 19):' * ) 

1. (a) 2. (a) 3. (c) 4. (c) 5. (a) '6. (b) 7. (a), 8. (b) 9. (a) 10. (a) 
True or False Questions (p. 20): , 
1. (T) 2. (TV 3. (F) 4. (T) 5. (T) 6. (T) 7. (T) 8. (F) 9. (T) 10. (F) 
Vocabulary Skills (d. 21)-' 



1. allies 

4. vision 

7. disarmament 

10. logistic^ 

13. League of Nations 



2. isolationism 

5. fleet 

8. perspective 

11. invade 

14. amphibious warfare 



3. inland 

6. dictator 

9. ( Free City of Danzig 

12! strategy 

15. international 



Multiple Choice Questions (p. 37): J 

1. (c) 2. (a) 3. (b) 4. (a) 5. (a) 6. (a) 7. (a) 8. fb) 9. (b) 10. (b) 
True or False Questions ( p . 38 ) : 

1. (F) 2. (T) 3. (F) 4. (T) '5. (F) 6. (F) 7. (T) 8. (T) 9. (F) 10. (T) 
Vocabulary Ski 1 1s (p. 39}; 



1. axis 

4. transatlantic 
7. dominate 



/ 



2. belligerent 
5. conquests 
8. assets 



3 . resources 
6. convoy 



Multiple Choice Questions (p. 49)^ ' 
l.'(b) 2. (a) 3. (a) 4. (a) 5. (a) 
True or False* Questions ( p . 50 ) : 
1. (T) 2. (T) 3. (F) 4. (F) 5. (T) 
Vocabulacy Skills (p. 51): , 



6. (c) 7. (b) 8. (a) 



r coastal convoy 
radar, sQnobuoy(s) 
Prime Minister Chamberlain, 
hedgehog 



2. protected harbors (anchorages) 

4. flying boat 

6. sea lanes 

8. logistics 



Multiple Choice Questions (p. 67): 

1. (a) 2. (c) 3. (b) 4. (b) 5. (b) 6. (b) 7. (b) 8. (b) 9. (b) 10. (b) 
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True or False Questions ("p . 68 ) : 

1.' (F) 2. (T) 3. (T) 4. (F) 5. (T) 6. (F) 7. (T) 8 } . (F). 9. (F) 10. (F) 
Vocabulary Skills (p. 69): 

1. retract * / 2. obstacle 3. enormous 

4. beachbead(s) 5. theater 

Multiple Choice Questions (p. 81 ): 

1. (c) 2. (b) 3. (b) 4. (b).' 5. (c) 6. (c) 7, (c) 8. (c) 
' True 21 False Questions ( p . 82 } : . ' [ 

l.,(T) 2. (F) 3. (T) 4. (T)J6. (F) 6. (T) 7. (?) %. (F) 9. (T) jO. (F) 
Vocabulary Skills (p. 83): 

1. objective 2. initiate(d) J. compromise 

4. accurate { 5. boast 6. elaborate 

7. diversion(ary) 

Locations in the Pacific (p. 84): 

1. attempt to cut off sea 2. Rabaul .3. Midway 

lanes to Australia * 
4. Kiska \, 5. Borneo ' 6. Port Moresby 

7. Corregidor J 



MultipleThoice Questions (p. 109):' 
1. (a) 2. (c) 3. (c) 4.' (a) 5. (b) 6. (c) 7. (,a) *<8. (a) 9. (c) 10. fb) 
True or False Questions ( p . 1 1 0) : 

1. (T) 2. (F) 3. (T) 4. (T) 5. (F) 6. (F) 7. (F) 8. (F) 9. (F) 10. (T) 
Vocabulary Skills '(p. Ill): - 

1 r epel 2, express ( ';3. demolition 

4*. perimeter , 5. uncharted ^-\" 6 ' restricted 

7. secured 8. strait t \ 

Multiple Choice Questions (p. 121): 

1. {b) 2. (b) '3. (b) 4. (a) 5. (a) 6. (a) 7. (b) 8. (a). 
True or False, Questions (p. 122): " ^ 

"1. (T) 2.. (T)- 3. -(F) 4. (F) 5. (F). 6. (T) 7. (F) 8. (F) 9. (F) 10. (T) 
Vocabulary Skills (p. 122): • 
1. pinpoint* 2. intercept 
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CHAPTER II: NAVAL LEADERSHIP 

( 

Multiple Choice Questions (p. 133): - - 

1. (c) 2yt>) 3. (c) 4, (a) 5. (b) 6. (a) 7. (b) 8. (a) 9. (a) U>. (b) 
True 'or False Questions (p. 134): 

1. (T) 2. (T) 3. (F) 4. <T) 5. (f) 6. (F) 7. (T) .8. (F) 9.. (F) 10. (F) 
Vocabulary Skills (p. 135): 

1. Annoyance: something 'that make's you uncomfortable 

2. Agonizing: very painful 

3. Discipline: training that develops self-control, character, and 
efficiency 

4. Moral: right instead of wrong 

5. Obedience:' doing what i$ asked of you 

6. Obligation: social or legal duty 

7. Utopia: a perfect society or place which does not exist 
Fill in the glanks (p. 135): - 

l t . discipline 2. obligation 3. Utopia 

4. obedience 5. agonizing 6. annoyance 

7. * moral * 

f 

Multiple Choice Questions (p. 143) : 

1. (b) 2. (a) 3. (c) 4'. (a) 5. (a) 6. (a) 7. (a) 8. (b) 9. (a) 10. (b) 
True or False Questions ( p . 1 44 ) <: 

1. (T) 2. (T) 3. (F) 4. (T) 5. (T) 6. (T) 7. (T) 8. (F) 9. (T) 10.. (T) 
Vocabulary Skills (p. 144 ): / ■ 

1. Academic: having to'do with school 

2. Informed: having the knowledge or information necessary to solve a problem 

3. Integrity: uprightness, honesty 

4. ' Priority: being ahead in importance 

5. Calculated: carefully thought out or planned 

Fill Jji the Blanks (p. 145): ? 

■» 

1. integrity . 2. priority 3. informed 

4. academic 5. calculated 
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Multiple Choice Questions (p. 153): 

l.,(c) 2. (b) 3. (c) 4. (b) 5. (a) -6. (a) 7. (a) 8. (b) 9,. (b) 10. (a) 
True or False Questions ( p . 154): 

1. (T) 2. (T) 3. (T) 4. (F)' 5. (F) 6. (F) 7. (F) 8. (T) 9. (T) 10. (T) 
Vocabulary Skills (p. 155): 

1. Accountability: under the obligation to report or explain action 

2. Bondage: imprisonment, slavery 

3. Comrades: companions 

4. Evade: , to escape by trickery of clevernel 

5. Mutual: shared, in common' 

6. Propaganda: information or ideas spread deliberately to further one's cause 
or to damage an opposing cause 

7. Voluntarily: done by one's free choice 
Fill i/i the Blanks: (p. 155); 




1. comradeship 
4. propaganda 
7. accountable 



vol untar 1 1 y 
evade 



3. bondage 
6. mutual 



Multiple Choice I p. 163) : 

1. (a) 2, (c) 3/!'a) 4. fc) 5. fa) 6. <b) 7. (b) '8. (a) 9.' (a) 10. (a) 

« 

True or False Questions ( p . 164} : 

1. (F) 2. (T) 3. (T) 4. (F) 5. (T) 6. (T) 7. (T) 8. (T) 9. (T) 10. (T) 
V ocabulary Skills fp. 165):' 

. y 

1. Designate: name; appoint' 

2. Familiarity: * very relaxed, personal behavior 

3. Inflict: to give or/cause (pain, wounds, etc.) 

4. -Personnel: persons employed in any work 

5. Privilege: a right not granted to others 

6. Tolerate: put up with; allow 
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Fill jri the Blanks (,p. 165) : 

1. tolerate, 
4. privilege 



2. personnel 
5. familiarity 



3. inflict 
6. designate' 
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CHAPTER III: METEOROLOGY 

- • t 

Multiple Choice Questions : jp. 173) f 

1. (b) 2. (a) 3. (b) 4. (b) 

Match the Following: (p. 173): 
4 l.f f 2.e, 3.d f -4.c f 5.g, 6.b, 7. a 

Study Questions -(p. 183): 

1. e. Exosphere 

^ d. ^hermosphere ♦ . 

c. Mesosphere 

9 

* b. Stratosphere 

a. Troposphere 



2. a. 5 to 1 1 miles thick; weather is present here 

b. 30 miles; no clouds ^ 

«€. 30 to 50 miles; extreme temperature change 

d! 50 to 500 miles; electrically charged air; thinnest layer 

e. highest layer; 500 to 18,000 miles 



3. (c) 

4. (b) . 
Vocabulary Skills (p. 183): 

1. humidity: water vapor in the air. ' ^ 

2. relative humidity: the amount of water vapor in the air expressed a's a 
percentage of the maximum amount that the air could hold at a given 
temperature. «■ ^ 

3. convection: hot air rising. . v 

4. ozone layer: a protective layer of gas (formed from oxygen) found in the 
stratosphere. It is also called the chemosphere. 
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5. jgt stream: fast-mov.lng currents of air in the tropopause. 

Hidden Message (p.' 184) : • 

1. dew v * 7, think ^ 

2. atmosphere \ * 8. troposphere 

3. nitrogen' \ 9. tropopause . 

4. eguator 10. stratosphere 

5. humidity m 11. exosphere ^ ' 

6. temperature * 1?. water vapor • 

Message * wat^vapor /in /our /a ir7heat/make/our /weather 
Study Questions (p. 195): , ' • « 

1. (c) 2. (b) ?: (b) 4. (b) 5.*Beat 6. water vapor 7. a. acts as a blanket, 
b. provides moisture we need to survive. 8. a. increases b. 30.4 C 100% 
relative humidity d. 13.09 grams per cubic meter e. 53% 9. (a)- 

^10. (bj 11. (c) 12. rise, fall 13. (c) 14. (a) Celsius 
(b) Fahrenheit 15. C ='5/9 (F-32), F = 9/S (C +'32). 

Vocabulary Ski Us (f>. 197): 

'l.. One Atmosphere: Barometer measure of 29.92 inches ('or 760 mi 1 1 imetjdBk.the 
nprmal air pressure at*sea level. 

2. .Millibar: One-thousandth of„a bar. ■» 

3. Bar- Unit of measurement of atraospheric-^pressure reported by inches of 
mercury under, pressure 29.29 inches = 1 bar = 1000 millibars. * * 



4". Mercurial m Barometer : A column of mercury used for measuring the air's werght 
which measures 29.92 inches at sea level # at sea latitude 45°. 

* v 
♦5;* Aneroid Barometer: A barometer with a -needle connected to the top of a metal 
box in which a partia^ vacuum is maintained; a change inr-^atmospheric pressure 
causes the top of the box to bend in or out, thu£ moving the^fl^dle. 

v6. Barograph:, An aneroid barometer that makers a continuous record of barometric 
pressure. 



7-. Radiant Energy: The energy given off by an object, hot or cold. For 
example^the heat from a fire. " f 

- V : > 

8. Celsius Sc^le: A scale on a thermometer for; measuring' temperature. On this. 

scale the boil-ing point of wate^ m^sures 100° and the freezing point of water 

measures 0°. % * 

.9. Fahrenheit Scale: _ A scale on a- thermometer for measuring 'temperature. Or/ 
this sc&le the-boiling point ,of water measures' 212° and the% freezing point of 
y/ater measures 32°. « * * $ 
' tjS& ^ # • 

ID. Dew Point: The temperature to which air must be cboled for corldensation to 
occur. f / N , \ 
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11. Hydro,logical Cycle: The eternal process of evaporation, condensation, and 
precipitation. 

12. Transpiration: The process of the.evaporation "of water, from the leaves of 
green plants. 




VOCABULARY WORD SEARCH (p. 198) 
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Study Questions (p^. 209): 



y 

2. a. Fog is forme'd'when a mass of cool air moves in and mixes with 'warm air 
that has a high relative.K&midity. Fog forms when the temperature of the damp 
air drops to its dew poirtt. Fog is simply a' big cloud lying close to the ground. 
/) b. (1) Moist air ,N - t 
y I > (2) Breeze 4 ' 

% (3-) A combination of warm and cool temperatures • m 



3. 
4. 



(O 



a. v StraJtus 

b . Cumu 1 uV 

c. . Cirrus 

d. Nimbus 



Fami ly I: High 

a. Cirrus 

b. C1rro-(fUmu,lus 

c. Cirro-stratus 



Family II: Middle 

a. .' Alto-Cumulus 

b. Alto-stratus 

Fami ly III: Low 
a. Strato-ctTmulus, 
b\ Stratus 

c. Nitnbo-stratus 

Family IV: Towering* 

a. Cumulus 

b. Cumulo-nimbus 



■• -■> 



A 



a. Cirrus 

b. Cumulus 

c< Cirro-stratus 

d. Cumulo'-nimbus 

a. "Fog 

b. Snow 

c. Dew * > 

d. Frost 

e. Rain 

f. Hail * * 



8., a. Coalescence. 

b. Advection - . 

v ' c. Fog 

' d. Altitude 

e. Hygroscopic Nuclei. 



Mystery Word: Precipitation 
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Vocabulary Skills (p. 212): * . 

1. Precipitation: Forms of water; 'e.g., rain, sleet, hail, and snow. 

2. Hygroscopic nuclei: Dust 

3. Altitude: Height * 

4. Coalescence: The joining' together of -microscopic water droplets in a 
cloud. 

5. Advection: A jnass of warm air passing first over warm water and then 
over cooler water forming fog. 

T 

Study Questions (p. 225): 

a. N.E. b. S.W. c. * S.W. d. N.W. 
« 

2. (a) Polar easterlies (b) Westerlies (c) N.E. Trade winds (d) S.W. 
.Trade winds (e) Westerlies (f) Polar Westerlies. / 

3. (c) 4. (a) T (b) T 5. (c) 6. outward 
7. 











Highs 


tows 


Weather 


^ 

Fair 


Cloudy, rain or snow 


Air Circulation 


Clockwise in N.H. 
counter-clockwise 
in S.H. 


Counter-clockwise in 
N.H. 

Clockwise in S.H. 


Winds 


Light 


Strong 


Temperature 


Cooler 


Changing 
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8. (c) 9. (a) 10. (c) 11. (a) % 12. (a) 13.' (c) 14, fc) 15. (c) 
Vocabulary Skills (p % . 227)j, 

1. Coriolis Effect: The prevention of wincj, currents from flovring directly North 
or South by the spinning of the Earth on its axis from West to East. 

^2. Temperate Zone: The area of the Earth lying between latitudes 30° and 50° 
where mofct of the people in the world live, and which is characterized by sudden 
changes/in the weather. % 

3. Migratory Lows: Moving low-pressure areas frequently found just in front of 
the polar highs. ■ 

' 4. Horse Latitudes: Where sinking, cooling, equatorial air forms areas of 
higher pressure around the earth. In the Northern Hemisphere 30° JJ<\ latitude;* in 
the Southern Hemisphere, 30° S. latitude. \ 

5. General Circulation: The circulation of the earth's atmosphere formed by the 
four major prevailing winds: the Doldrums, the Trade Winds, the Prevailing " 
Westerlies, and the Polar Easterlies. * 

6. Centers of Action: Secondary wind circulation systems that remain in the\ 
same general areas throughout the year. As high and >ow pressure areas, they act 
as great wind machines, e.g., the Bermuda High. 

Study Questions (p. 241): 

i 

1. (a) Intertropical Convergence Zone (b) Arctic Frontal Zone (c) Polar 
Frontal Zone * • 1 * 

02. Intertropical Convergence Zone 

V - — 

- 3. a) * c) 





Cumulus Cloud Stage Mature Stage Anvil Stage 

4. T 5. (a) 6. -(a) 7. (b) 8. (c) 9. (a) tropical depression 

(b) tropical storm (c) hurricane 10. (b) 11. Counterclockwise, clockwise. 




First, N.W. Movement, Iten Curving N.E. 

13. Ca) Prevailing westerlies (b) land (c) temperature 14. (c) 15. ( 1.) 
tropical depression (2) hurricane (3) 'cold snap (4) fog. 
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Vocabulary Skills (p. 244): 

1. Front: A line that divides two different air masses that ha\ia.collided. 

t 

2. Squall: thunderstorm resulting from intertropical fronts. 

3. Convergence: Different air masses coming together. 

4. Cold Snap: The dominance of polar air over previously 'dominant warmer 
tropical air. 

5. |aterspout: The sucking up of water by a tornado moving over a body of 
water. 

6^ Eye of a Hurricane: The center of a hurricane where th'e weather is calm. 
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CHAPTER IV . 
' ' ' ASTRONOMY 

4 

Fill in Blanks {p. 253): 

1. Spectrograph 2. Radio Telescope 3. Telescope 4. Radar Telescope 

True or False Questions (p. 253): 

1. F (Ancient man used the sfors to navigate.) 2. T 3. F ( In 1976 the Viking 

Landers explored Mars.) 4. F (The sand samples analyzed by the Viking Landers 

did not prove the existence of life on Mars,) 5. T 6. F (Observatories are 

located in remote places to avoid night-time glare and air pollution from large 
cities.) '7. T 8. T 

Analogies (p. 254) : 

1. Mirror 2. Biologist 3, Projector 

Vocabu-lary Ski lis (p. 254): Definitions 'given below. Sentences will vary. 

1. Telescope: An optical device that uses a series of mirrors and lenses to 
collect light from a distant source. m 

2. Galileo: Italian "scientist who lived 1564-1642 who was the first to use the 
telescope to observe heavenly bodies. 

3. ( Spectrograph: An instrument which makes photographs of light from various 
1 ight sources. ) , 

4. Spectrum: Arrangement of colors by wavelength when light is split apart by 
prisrn^,* 

5. Spectra: Plural form of spectrum. 

6. Radio Telescope: A telescope which collects and measures radio-frequency 
radiation from various light sources. 

7. Radar Telescope: A telescope which bounces radar pulses off the\>lanets ; 
collects and analyzes them. 




8, Prisms: A transparent body bounded in part by two plane faces that are not 
parallel; used to bend or'disperse a -beam of light. 

9. Pulsar: Pulsating radio sources deep in space. 1 

V 

^10. High-Altitude Balloons: Hot air balloons flown at high altitude used to 
'observe the stars. 
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11. •Viking Lander: Space probe used to explore other planets. 

12. Remote: out of the way. 

WORD SEARCH (p. 255) 
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Word PuzzIp (d 9*a^ ASTRONOMER 
word Puzzle ip. 256). 777*5573710 

Multiple Choice Questions (p. 265): 

1, (<y) 2- (c) 3. (c) 4, (a) 5. (b) 6. (b) 7. (d) 8. (b) 9. (c) 10., (d) 
True/False Questions (p. 266): ' * 

1. T 2: T 3, F- (Stars vary in brightness as well as color. 4. T 5« T 6- T 7. 
F (The Hertzsprung-Russell diagram is a way of classifying stars,) 8. F, (Our 
sun is relatively small compared to other stars on the H-ft Diagram.) 9. F (The 
^ magnitude of a star refers to its brightness-) .10 ; F (Main sequence stars are 
medium-sized and bigger only than White Dwarfs*) 

• Vocabulary Skills (p. 267): Definitions given below. Sentences will vary. 

1. Electromagnetic energy: ' X-rays, gamma rays, ultraviolet, visible light, 
infrared and radio waves radiated from the stars. - ' 

V 

2. Nuclear fusion: 'Process where two atomic nuclei are joined together -to form 
one nucleus. 

r 

3. Main Sequence Stars: Stars represented by Doints that fall within the 
diagonal band running from lower right to up'per left of . the HertzSf/rung-Russel 1 
Diagram; the majority of stars studied fall in this- group. 

V 

.4. Big Bang Theory: Explanation of how the universe was formed that says matter 
v^as originally contained in 5 compact sphere which suddenly exploded. 

5. Light Years: Measurement of stellar distances; the distance thai light 
travels in a year, about 9.5 million kilometers. 

6. Galaxy: Huge collection of stars, star clusters, dust, and gas held together 
by gravity. ' 

7. Milky Way: Name of our galaxy. A thick band of stars located in the center 
of our galaxy. 

8. Constellation: Group of stars. 

g. Luminosity: A star's absolute or real brightness. 

10. Super g*i ants: Huge stars that are as much as one- million times as bright as 
the sun. 

11. Giants: Stars that are remarkable for their large size and which may be as 
much as 100 times brighter-than our sun. 

12. Subgiants: Class of stars on the Hertzsprurrg-Russel 1 diagram ten times 
brighter than our sun. 

13. Hertzsprung-Russell Diagram: System of classifying stars according to their 
real brightness and temperature. * 
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Word Puzzle (p. 267): 

Electromagnetic 

Big Bank Theory , 

Luminosity 

Constellation 

Milky Way ' . 

Hertzsprung-Russel 1 Diagram 



Word Puzzle: THE BLAC'K HOLE 
T 1 I T 5 I>7 ff ' ? IfflT 17 
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Vocabulary Skills (p. 283): Definitions given below. Sentences will vary. 

1. Axis: The imaginary line on. which the earth rotates. 

2. Satellite: A small object in orbit around a large object; a moon. 

3. Asteroids: Small planets between Mars and Jupiter that orbit around the 
sun. - % 

4. Photosphere: Extremely bright surface layers of the sun. 

5. Chromosphere: Lower part of the sun's atmosphere. 

6. Corona: Halo-like layer of the sun visible during solar eclipses. 

7. Solar Flares; Sudden eruptions of very hot tfasyppearing as bright | . . 
spots on ,the .syn. \ 

8. Sunspots: Violent magnetic storms on the surface of the sun that appear 
as dark spots on the solar surface. 

9. Prominences: Giant streamers of hot gases that arch far out; into space 
* before they return to the sun's surface. 

10. Solar Wind: Tremendous stream of highly charged particles that the sun 
sends out into space. 

11. Magnetic Field: Region near a magnetic object or electrical 0 current in 
which magnetic forces can be detected. 

12. Photosynthesis: Process by which plants' use sunlight to produce food. 

/ 

13. Phases: The changes in the visible fraction of the illuminated surface 
of the moon or a pjanet. 

14. ^ Meteor: A very. small stony or metallic body traveling through space 
that burns up when it enters the earth's atmosphere. ^ 

15. Meteorite: Stony or metallic body traveling through space that does not 
burn completely whecTentering the atmosphere and eventually crashes into the 
earth's surface. 

16. Eccentric Orbit: Irregular path of planet around the sun, (or another 
star). 

/->17. Craters: Depressions on the surface of the moon or earth- believed to be 

. formed by meteorites hitting the surface. . . » 

Manja: Dark regions on the surface of the moon that -look like seas. m * 
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Hidden Word (p. 284): 



1. 
2. 
3. 
4. 
5. 
6. 
7. 



Milky Way 

Satellite 

Mercury 

Mars 

Jupiter 

Photosphere 

Prominences 



8*. Asteroids 

9. Saturn m 

10. Meteor * 

11. Comet 

12. Ptluto 

13. Galaxy 

14. Venus 
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Fill In The Blanks (p. 285): 



1. gravity. 

3 . hydrogen 

6. solar flares 

8. (a) rjnrrors 

9. the care 



2. 
4. 

7. 

(b) 

10. 



hot gases (hydrogen and helium) 

prominences 5. magnetic storms 

earth's magnetic^ field 

solar collectors (c) solar cells 

photosphere 



Word Search (p. 286): 




E <S) 0 
R Z T 



P 
Q 
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0 




I 


0 


C 


0 


6- 




A 


M 


R 




A 



R' CP . L * U - r 0) ' A • B 



1 



ERLC 




357 



31 



* . 

Hidden Message (p. 287) ; ' * . . *- 

v Pho^)synthesi s ' 
Phases • " , 

Craters ** • * ' - „ . 

Magnetosphere r- 

$ Highlands * 
• Axfs 

Water • ' 

Atmosphere 



Answer : 



ThejnOon is, the Earth's satellite. * • 

Matching (p. 288): * 1 

I. "^ -2. 0, 3. L, 4. J, 5. "6, 6. /i, 7., H, 8, C, 9. K,\10. B, 

II. ,E, • 1^. A . • ' 

t v ... / - 

Name ' the P1ar#b Described* (p ; 2S9): ' y , , , 

1. Earth or Mars 2. Mercury' 3. Mars 4. /Saturn -5. Jupiter 6, Venus 
7, Mars- "8. Mars 9. Mercury/ Venus, 'Pluto 10/ Jupiter. ' 

* * - 

Matching Gads (p. 2ft9)\ " ^ 



1 " 1. (9) "2. (d) 3V(b) 4. feT'S. (f) 6.*tf)^7. (c) 8 V fa) 9. (h) 
Data CiSict (p. 290):, 

Answers to* data chart are qn*p. 359 of th,is answer booklet.^ 
^ Missing frlant (p. 231') : < • . • * 4 

1. Ea<#h 2. ft *Venus 3. Oupiter 4., Saturn £. Neptune 6. Pluto and Mercury 
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DATA CHART 



Use the text and other reference books to gather data 'for the chart. Fill in as ijuxh information as possible. 



PLANET 


flTAMFTFR 
, IN 
, M.ILES 


DISTANCE 

FROM- NUMBER 
SUN * ^ OF 

IN MILES SATELLITES 


ROTATION 
TIME 


NUMBER 
OF DAYS 
TO ORBIT 
SUN 


NAME OF 
SPACE j 
MISSION 
(IF Pfl>O t 

' 




v 

t t 

SPECIAL CHARACTERISTICS 

» * 


MERCURY 


3,015 • 


4o Ml rl ion 


<=■ 


59 days* 


88 


Mariner 10 




jtes an eccentric orbit 


vr^us 


7,545 


67 Million 


0 


243 days 


225, • 


4ISSR Venera 
. * Space Probe 




Rotates in^clockwise direction ^ 
Thick atmosphere mostly CO2 


EARTH 


7,000 


93 Million 




, 24 Hrs. 


P 365.26 






Only planet known to have life. • > 


MARS 


4,200 


141 Million, 


2 


About 
24 Hrs. 


C 0*7 

68Z NJ «" 


Mariner 10 
Viking Landers 




The red planet. 


JUPITER 


86,900 


AO A Ml 1 1 i n n 

^o** n 1 1 1 ion 




10 Hrs. 


Yrsf* 






Largest 'planet, great red spot. 




















SATURN 


74,700 


387 Mi 1 1 ion ^ 


15 


10 Hrs 
14 Mm* 


' 29 
Yrs. 


Voyager I 
• * 




\ajiy rings. 


URANUS 


, 31,-000, 


^',780 Million 


5^- 


10' Hrs 
49 Min* 


84.02* , 
Yrs. 


. ftly by 
Voyager II 






NEPTUNE- 
♦ 


-,-21 ,000— 


™2^8CM4illion 


2* 


15 Hrs* 


16*4.8* 
Yrs. 


Fly by * 
Voyager 1 1 
1981* 






PLUTO 


About 
& 3.015, 


3,670 Million 


0* 


6.39 days* 


248.9V 
Yrs. N- 


*★ „ " 


Has 


an eccentnc orbit*. 












S 


* 







** nr known^ 
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\ CHAPTER^-: ELECTRICITY AND E1ECTR0NICS 

- Multiple Choice Questions' (p. 311): 

I. (b) 2. (d) 3. '(a) 4. (d) 5. (d) -6. (d) 7. (aj 8. (d) 9. (dj 10. (a) 

II. (c) 12.- (a) 13. (b.) 14., (d) 15. (b) 16. (c) 17. (c) ' 
18. (a)e 19. (d) 20. (c) ^ . f 

True or False Questions (p. 314): •> 

1. F 2. T 3. T 4. F 5. F 6. T 7. f 8. T"9. T 10. F Ik F 
12. T 13. T 14: F 15. F 

Vocabulary Skill! ♦( p. -315) : -Def.inition.s givertj belpw. Sentences wil 1 vary. 

1. mechanical energy: the result of moving objects such as turning" of a wheel. 

2. heat en.ergy: the f orm °&f eh,ergy~T:Kat _ caus escheat; e.g., warmth from a fire. 

3. light eqergy: the form of energy that lights a room. 

4. Molecule: the smallest particle of a substance. 

5. electrical energy: the result of moving electrons out of tffi&ir"circul'ar 
paths at^Qund the atom so that they move freely in another material. 




6. amber: a hard yellowish to brownish transparent ^osRjifi zed resin. 

7. atom: the smallest part of an element. 

8. nucleus: the center of an atom. 

9. proton: particle in the center of the nucleus that has small posit 
electric charges. * . ' 

10. neutron:, particle in the center of the nucleus that has no ^leefrical 
charges. 

11. electron; particle circling the nucleus of the atom that has small negative 
electronic charges. 

12. static electricity: build up of positive and negative electrical charges. 

13. current electricity: steady flow of free electrons from a nega^tiv^ source 
to a positive source over a long*period of time. 

14. conductor: materials that electrons move ^ea§ riy through such as copper, 
silver, or gold. 

*15. insulator: materials that do not permit electrons to flow, such as wood or 
rubber. 



,3 



16. circuit: a path for current flow^~ 

17. electfomagnetic: having to do with magnetism developed by a current of 4 
electricity. \ 

18. refraction: bending of a light or energy wave such as radio waves by the 
atmosphere. „ 

19. medium: material such as water through which energy (for example, sound 
waves) oV force can pass. i \ ' 

20 % . rarefraction : region of fewer air molecules irr-smind waves: 
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